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INTERVENCIONES EDUCATIVAS EN ERA DIGITAL:
DESARROLLO DE HERRAMIENTAS PARA LA INFERENCIA DE

ALGORITMOS DEL CÓMPUTO HUMANO

En los últimos años el avance de la tecnoloǵıa permitió el acceso masivo a nuevas plata-
formas digitales. Esta transformación tiene un impacto en la investigación en neurociencia
educacional, donde ahora es posible que los estudios realizados en estos contextos sean
pensados a partir del uso de los nuevos medios disponibles. El objetivo de esta tesis es
construir una herramienta que permita recolectar datos masivos y analizarlos buscando
inferir algoritmos del computo humano. Para ello se presenta el diseño y el desarrollo de
una plataforma para la administración y evaluación automática de intervenciones educa-
tivas basada en videojuegos, llamada Mate Marote. Como casos de estudio, se realizaron
trabajos con foco en el uso de tecnoloǵıas y su impacto. El primero explora el modo en
que el uso de dispositivos móviles afecta a la percepción y la calidad de la comunicación
cara a cara. Se encontró que la comunicación con interrupciones mediadas por dispositivos
digitales afecta la percepción tanto del hablante como del receptor de la comunicación.
Esto indica que hay que tener particular atención al incorporar medios digitales en tareas
cotidianas, ya que tienen un impacto en las relaciones entre personas. El segundo analiza
estrategias para la transmisión de conceptos utilizando una aplicación de celular y mues-
tra la efectividad de las mismas utilizadas por los participantes. Considerando que uno de
los principales medios de comunicación es el texto escrito, encontramos que este medio es
notablemente ambiguo a la hora de transmitir figuras geométricas. El estilo utilizado al
componer las descripciones afecta la efectividad de la transmisión del mensaje, siendo la
descripción algoŕıtmica el estilo más efectivo. Por último, abordamos la flexibilidad cogni-
tiva de niños resolviendo puzzles, con foco en cómo pueden reconocer los propios errores
en la resolución del juego y corregirlos. Vemos que la capacidad de modificar un plan al
encontrarse con una situación equivocada aumenta con la edad; también es modificada por
la manera en que cada niño aprendió a jugar: de un adulto –menor capacidad de cambio–
o de un par –mayor capacidad de cambio–. Finalmente se reflexiona sobre la estructura
interna, lógica y complejidad de juegos y pruebas cognitivas que deben ser tenidas en
cuenta en el uso de estos recursos con fines educativos.

Palabras claves: Intervenciones Educativas, Tecnoloǵıas de la Información y la Comuni-
cación, Videojuegos, Educación, Neurociencia educacional.

i





EDUCATIONAL INTERVENTIONS IN THE DIGITAL ERA:
DEVELOPMENT OF TOOLS TO INFER HUMAN COMPUTATION

ALGORITHMS

In recent years the advance of technology has allowed massive access to new digital
platforms. This transformation has had an impact on Educational Neuroscience research:
studies conducted in these contexts are now able to use the newly available technology.
The objective of this thesis is to build a tool to collect massive online data and analyze it
to infer human computational algorithms. The design and development of a platform of
educational interventions based on video games, called Mate Marote, is presented. This
thesis includes two studies focusing on the impact produced by the use of new technologies.
The first experiment explores how the usage of mobile devices affects the perception and
quality of face-to-face communication; digital device interruptions affect the perception of
both the speaker and the receiver of a communication. This indicates that incorporating
digital media into everyday life is not without its costs; it may impact relationships be-
tween people. The second study analyzes the transmission of concepts using a cell-phone
app, showing the effectiveness of the different strategies used by the participants. Con-
sidering that written text is one of the most common ways to communicate, we find that
it is remarkably ambiguous when transmitting geometric figures. Textual style affects the
effectiveness of the transmission; algorithmic description is the most effective method com-
pared with others, such as metaphors. Finally, this work addresses the cognitive flexibility
of children solving puzzles, focusing on how they can recognize their own mistakes while
solving a puzzle and correct them. The ability to change strategy when confronted with an
error state increases with age; it is also affected by the way each child has learned to play:
learn from an adult - lower ability to change - or learn from a peer - greater capacity to
change strategy. Finally, the thesis examines lessons learned from the internal structure,
logic and complexity of games and cognitive tests that must be taken into account when
using these resources for educational purposes.

Keywords: Educational interventions, Information and Communication Technologies,
Video games, Education, Educational neuroscience.
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1. INTRODUCTION

El futuro lleg�o hace rato.
{Patricio Rey y sus Redonditos de Ricota

The world is going through one of the most important technological advances of history:
Information and Communication Technologies (ICT) are becoming part of everyday life:
in education, work and, leisure. Although there is still a technological gap existing due
to the cultural and socioeconomic development among regions [52, 99, 125], access to ICT
has become massive in a world wide scale [59, 58].

Since ICT are deployed in a wide variety social and cultural contexts, the implemen-
tation of cognitive training based on ICT has many challenges: generalization of results,
evaluation of negative effects, replicability of the findings, among others [6]. These chal-
lenges require an interdisciplinary approach in order to explore the multiple dimensions
involved in this phenomenon. Including technology in different stages of life generates
changes in cognitive and learning competencies. Hence, the relevance of multidimensional
and interdisciplinary approaches to study the complexity of these processes. However,
interdisciplinary integration for research in ICT is incipient [59, 87].

Some aspects in which incorporation of ICT generated changes include the building
of knowledge (i.e., learning) and communication patterns [8, 133, 52, 87, 114, 138, 141].
However, understanding these changes and impacts is neither clear nor obvious. On the
contrary, there is an extensive and diverse discussion through books, articles in newspapers
and magazines, television and even the opinion of professionals from different disciplines.
This background contributes to generating a scenario in which divergent opinions for and
against ICT coexist. However, this scenario lacks support on adequately constructed
evidence for a clear and orderly discussion.

Argentina, in particular, is living a unique opportunity where an enormous amount of
primary and secondary school students have their own laptop, provided by institutional
programs such as Conectar Igualdad and Joaqúın V. González (La Rioja), Plan Sarmiento
(CABA). 70% of the population of Argentina had access to Internet in 2015 [7]. But this
was not the case a few years before. Indeed, in 2010 the penetration was less than 50%. The
fact that learners have their own personal computers allows novel educational applications
and large-scale interventions.

As a consequence, new educational methodologies based on ICT were born. Massively
Open On-line Courses (MOOCs) are virtual free on-line courses with an huge number of
students in each course. These courses came across a series of challenges (e.g. preventing
drop-off, effectiveness of learning) [77, 54, 140, 50]. Some of the most popular MOOCs are
Coursera1, Udacity2, and Khan Academy3.

Students’ engagement is key for the new methodologies. Therefore, when attempting to
get students more involved some educational projects bring video games into the classroom
as part of their pedagogical tools [47, 76, 109, 12, 33]. These games pursue making the

1 https://www.coursera.org
2 https://www.udacity.com/
3 https://www.khanacademy.org/
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2 1. Introduction

process of learning more engaging and enjoyable. Chocolate Fix (designed by the company
Think Fun in 2008), Refraction (Center for Game Science in 2010), and DragonBox (We
Want to Know in 2012) are a few examples of efforts in this area. In spite of the existing
controversy of the effects of video games [48, 47], there is evidence which shows that video
games usage can train cognitive abilities and even transfer to school learning domains [43,
69, 49, 80].

MOOCs deal with an enormous amount of students but have few teachers behind its
courses. Therefore, it is a challenge for MOOCs to cater for the interaction between a
teacher and a learner. As a consequence, scaffolding, feedback and assessments should
be automated. The customizing of the software requires knowledge of the domain, i.e.
understanding how people think, how people solve tasks and, how people interact with
software specially designed for this purpose.

Beyond the mass distribution of equipment to children and adolescents, the available
evidence regarding the impact on their cognitive development does not yet allow for specific
recommendations on what, how and when to include ICT in education and parenting
contexts to contribute in optimizing cognitive and learning competencies development [52,
106].

This thesis proposes the development of technological tools and the analysis of human
behavior that allows generating clear empirical evidence to contribute to the debate about
the pertinence, the way and, the moments of the incorporation of technology into the
learning processes.

What kind of impacts does the use of different ICT have in formal and informal ed-
ucational contexts? What are the variables that module such impacts at the individual
and contextual level? What are the intrinsic characteristics of ICT? These are some of
the questions that guide the work presented in the current document.

This thesis is a combined effort of Computer Science, Cognitive Science and Neuro-
science fields which aims to contribute to the design of software –hidden under the skin
of a video game– for cognitive training, looking for incorporate adaptive algorithms –to
respect the individuality of people– and tools for analysis to study cognitive processes.

A new discipline has emerged not so long ago –called educational neuroscience– com-
bining cognitive neuroscience and behavioral methods to investigate the development of
mental representations and, possibly, to use neuroscience pre-existing knowledge to im-
prove different teaching approaches [103].

In the learning processes a group of cognitive processes can be identified. To achieve
a task there are demands in aspects of control –identify and inhibit irrelevant or conflict-
ing stimulus–; in keeping on-line information during the activity; in exchanging solution
strategies; in scheduling a complex task solution as a sequence of steps and execute them;
or initiating novel sequences of action [20, 40].

During the last two decades, cognitive neuroscience and developmental psychology
have designed and implemented a series of interventions aimed at optimizing the cognitive
performance of different populations of children. In this context, cognitive training is
defined as the process of improvement or optimization of performance through practice
provided by exercises or cognitive training, or teaching proposals designed for the same
purpose. In general, these studies focused on two objectives. One of them is oriented
to answering empirical questions about the cognitive processes to be trained and the
mechanisms by which changes occur. The other is oriented to the design of effective
interventions, through which changes are verified.
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There are different ways to determine the effectiveness of a training. The most common
is to measure the performance improvement in the trained domain, in terms of efficiency
and reaction times. Other variables that are also studied include the frequency of use of
a particular strategy. If performance is measured over the intervention period, it is also
possible to determine learning curves or trajectories, which show how learning acquisition
changes over time. Likewise, the learning curves vary among the participants, so it is
important to anticipate this consideration in the designs by means of which the impacts are
analyzed. On the other hand, in addition to the evaluation of the change in performance,
it is increasingly common to assess the long-term effects of training and its cumulative
effects, since improvements can also be acquired during the exercise as a result of side
effects. For example, increased motivation and learning [130].

Finally, another aspect of importance to evaluate is the generalization or transfer of
training, both to tasks with similar demands to those trained (i.e., close transfer), as to
other untrained ones (i.e., distant transfer). Different studies have verified both types of
transfer [43, 66, 112, 113], although the evidence is not enough to enunciate the aspects or
factors are associated with them. Future studies may study the mechanisms of mediation
by which the changes occur and what is transferred, rather than focusing on the analysis
of its effectiveness.

Interdisciplinary collaborations between researchers in cognitive and computer sci-
ences have carried out a reverse engineering program to detect the operations involved in
arithmetic calculations. Some of these studies have shown the universal existence of an
approximate calculation system [28] which is present early in life [11] and it is ubiquitous
in most cultures [30]. As a simple example of this process, any person takes more time
to answer 52 > 31 than 52 > 17 [29]. Formally, these operations are equivalent; in ap-
proximate (analog) systems, the second operation results easier. This fingerprint is even
observable in people with vast mathematical training [27]. Similar examples are found in
geometry notions that are present even before formal mathematical education [60].

Discovering these kinds of characteristics allows efficient interventions. As knowing the
processor architecture helps code optimization, deep knowledge behind the human com-
putations might allow for the optimization of the education activities. Recently, cognitive
neuroscience research revealed that development of neurocognitive systems is related to
control, numeracy and literacy competencies. These show plasticity during brain organiza-
tion and reorganization processes and that, through intervention in education, behavioral
changes in the brain may be induced in normal or disordered children [46].

There are many efforts from different perspectives in reverse engineering of the mind [128]
–in words of Josh Tenenbaum–: understand human learning and inference. This knowl-
edge can be used to build new and more accurate learning methods and other systems
used in the common life.

The internal cognitive structures of the mind –metacognition [31, 39, 78], decision
making [72, 105, 74], fluid reasoning [37], working memory [137, 22, 35]– are not directly
observable: they had to be explored via an indirect method. The analysis of gazed elements
of the visual scene is an indirect technique. It consists in using the positions of the screen
where the participant focused to explain why she decided on the answer [127, 53, 34].
Since eye tracking studies require special equipment to follow the gaze, scaling up this
kind of studies is too expensive.

In a bigger scale, some studies analyzed cell-phone calls as large-scale networks, describ-
ing communication patterns and network structure [73, 97, 71, 98, 61]. Communication
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data has been studied to understand human mobility patterns [45, 122, 85]. But it also
offers an indirect measure for social interactions where relationships between people may
be inferred from reciprocal calls patterns [139, 118, 64, 32, 16, 70].

Another possibility is observing human behavior when interacting with something.
Observing someone playing chess is a way to understand how she plays and think: If she
is aggressive; if she prefers moving the knights before the bishops; which are her favorite
openings. This exercise could also be done observing data registered with a computer.
i.e., someone opened a text processor and wrote: first the date in the right margin; then
she wrote To whom it may concern. Just with these two lines, we could guess that she was
writing a formal letter. The analysis of human interactions with software can reflect their
thoughts. This becomes more achievable with access to technology –and access to Internet–
. Other technique is to study log files or click streams of software usage [82, 19, 132, 80].
This strategy allows to detect subtle changes due to the analysis of a massive dataset.
The challenge is how to build activities to answer research questions, and how to engage
participants to use these activities.

Video games can get the attention of children and adolescents [89]. However, it is
important to assess to which extent video game technology has an impact on childhood
education. Video games have the capacity to engage children in learning experiences,
which make them a powerful educative entertainment.

Several projects propose the introduction of games in the classroom as part of education
activities [76, 109, 47, 80]. Some authors propose competition-based games for stimulating
learning [12]; even for university [33, 15]. In summary, many initiatives introduce different
games as a strategy to stimulate learning in students.

Games with a Purpose is one of most inspirational works of this thesis. These kinds of
games were developed by Luis von Ahn under a great idea of using people doing different
kinds of stuff with a computer to solve hard computational tasks. He presented the novel
idea in his PhD Thesis [131]:

Construction of the Empire State Building: 7 million human-hours. The
Panama Canal: 20 million human hours. Estimated number of human-hours
spent playing solitaire around the world in one year: billions. A problem with
today’s computer society? No, an opportunity.

What if this time and energy could be channeled into useful work? (...) Al-
though computers have advanced signi�cantly in many respects over the last 50
years, they still do not possess the basic conceptual intelligence or perceptual
capabilities that most humans take for granted. (...)

In this paradigm, we treat human brains as processors in a distributed system,
each performing a small part of a massive computation. Unlike computer pro-
cessors, however, humans require an incentive in order to become part of a
collective computation. We propose on-line games as a means to encourage
participation in the process.

Some of the projects he developed include: The ESP Game, GWAP, reCAPTCHA,
and Duolingo. With this projects, he was able to tag objects in images and locate those
objects within the images. He also digitalized books that could not be digitalized by a
computer. Other task solved: recognition and reading road signs; translation of documents
into several languages; music styles tagging; collection of common definitions of words used
by people to describe concepts, as an alternative to dictionary definitions; among others.
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The way von Ahn collected human thoughts while solving tasks in an ecological envi-
ronment can be defined as fun, and it showed how participants can engage while solving
tasks.

The capitalization of these ideas into games and computational interventions based on
the knowledge of the architecture of human processor – the brain – has been part of a
growing effort [103].

Efforts to include ICT in education started more than 20 years ago. In the 80’s, ideas
of teaching children and adolescents programming skill were introduced [100]–an effort
to consider ICT part of the new digital age–. Another proposal was the development
of computerized tutors. They have supported individual students for guided learning,
helping teachers that have very little time to spend with each one [5]. Traditional educa-
tion in schools consists of supervised learning, where teachers communicate knowledge in
classrooms and attend individual children questions. Classrooms are populated by many
students per teacher, and thus teachers have little time slots with each child.

There is evidence showing experience where tutors had comparable results to human
tutoring [1]. This implementation relies on the installation of the corresponding software
on each computer or a constant Internet access. Thus, this solution is suitable for using
the tutors in computer labs at schools or small-to-middle scale experiences [67].

Intelligent tutoring systems (ITS) were introduced around the 80s. It was software
designed to provide scaffolding to the user to learn some specific domain, providing cus-
tomized instruction and feedback to each student. Anderson et al made an ITS for students
learning to program LISP language [4].

Building tutors requires a huge effort. Given that it has been estimated that 300 hours
of expert design effort are required to design a single hour of content [2], the scalability of
ITS is still poor. There were lots of efforts to make it scalable by reducing the complexity
of the system to build the tutors (e.g. CTAT) [2] However, systems must still contemplate
a huge number of possible interactions.

One of the well known ITS is the Cognitive Tutor [5], which uses the knowledge
tracing [21] idea: model knowledge as a set of rules. Each one represents what the students
should do when they are in a particular state with a certain goal. The system decides
which specific problems show to a student based on her performance, and it gives certain
problems until it considers the student has learned the involved rules.

The present thesis combines ITS principles and von Ahn’s methodology to achieve a
twofold objective: 1) to increase the understanding of the human mind through collected
data of humans solving particular tasks; 2) use this knowledge to design and build cognitive
interventions in large scale scenarios. The thesis aims to contribute to the state of the
art with the study and development tools to favor equalizing academic outcomes across
children closing gaps that exists due to the cultural and socioeconomic development.
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Resumen en español

Introducción

El mundo atraviesa una de las transformaciones más importantes de la historia:
dados los avances de las Tecnoloǵıas de la Información y la Comunicación (TIC)
éstas se están convirtiendo en una parte esencial de distintos ámbitos de la vida
cotidiana: la educación, el trabajo y el ocio.

Dado que las TICs se despliegan en una gran variedad de contextos sociales,
económicos y culturales, la implementación de la formación cognitiva basada en
ellas plantea múltiples desaf́ıos: la cuestión de la generalización de los resultados
de las investigaciones, la evaluación de eventuales efectos negativos, la replica-
bilidad de los hallazgos, entre otros. Estos retos requieren un enfoque interdisci-
plinario para explorar las distintas dimensiones involucradas en este fenómeno.
Incorporar la tecnoloǵıa en diferentes etapas de la vida, genera cambios en las
competencias cognitivas y de aprendizaje. Por ello, son necesarios enfoques mul-
tidimensionales para estudiar la complejidad de estos procesos.

La incorporación de los cambios generados por las TIC permiten la construcción
de nuevos conocimientos, aprendizajes y patrones de comunicación. Sin embargo,
la comprensión de estos cambios y su impacto en la sociedad no es claro ni
obvio. Por el contrario, existe una extensa y diversa discusión a través de libros,
art́ıculos period́ısticos y revistas, televisión e incluso la opinión de profesionales
de diferentes disciplinas. Este contexto contribuye a generar un escenario en el
que coexisten opiniones divergentes a favor y en contra de las TIC, pero que
carecen de evidencia emṕırica construida adecuadamente y que pueda contribuir
a un debate serio sobre esta problemática.

En la Argentina, hoy tenemos una oportunidad única: la mayor parte de los estu-
diantes de la escuela primaria y secundaria pública tienen su propia computadora
–provista por programas estatales como Conectar Igualdad, Joaqúın V. González
(en la Provincia de La Rioja) o el Plan Sarmiento (en la Ciudad Autónoma de
Buenos Aires)–. En el año 2015, se estima que el 70 % de la población del páıs con-
taba con acceso a Internet [7]. El hecho de que los estudiantes posean su propia
computadora con conectividad, habilita el uso de nuevas aplicaciones educativas
e intervenciones a gran escala.

Los esfuerzos por incluir las TIC en la educación comenzaron hace ya más de 20
años. Fue en la década de 1980, cuando surgieron las primeras ideas de enseñar
programación a niños y adolescentes como parte del esfuerzo por adaptar los
aprendizajes a las necesidades de la nueva era digital. También se desarrollaron
tutores informatizados capaces de guiar al estudiante de forma personalizada en
su proceso de aprendizaje, y de este modo, complementar la tarea de los maestros
frente a cursos numerosos.

A medida que pasó el tiempo y la digitalización de las prácticas de la vida coti-
diana se extendieron, surgieron nuevas metodoloǵıas de aprendizaje basadas en
las TIC. Por ejemplo, los cursos masivos online (MOOCs - Massively Open On-
line Courses) gratuitas en ĺınea que cuentan con un gran número de estudiantes.
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Estos cursos se encontraron con una serie de desaf́ıos, entre ellos, la deserción y
la eficacia del aprendizaje [77, 54, 140, 50].

El compromiso de los estudiantes con el curso y el material de estudio es clave
para que estas nuevas metodoloǵıas funcionen. Un modo de atraer a los estu-
diantes es mediante el uso de videojuegos que se incorporan al aula como herra-
mientas pedagógicas. Estos juegos buscan que el proceso de aprendizaje sea lo
más estimulante y agradable posible. A pesar de las controversias respecto de las
consecuencias del uso de videojuegos, existe evidencia que demuestra que éstos
pueden entrenar capacidades cognitivas que pueden ser transferidas generando
mejoras en el rendimiento escolar. [43, 69, 49, 80].

En este marco, la presente tesis tiene como objetivo el desarrollo de herramientas
tecnológicas y el análisis del comportamiento humano a fin de generar claras
evidencias emṕıricas que puedan contribuir al debate sobre la pertinencia, las
formas y los momentos adecuados para la incorporación de tecnoloǵıas en los
procesos de aprendizaje.

¿Qué tipo de impacto tiene el uso de las TICs en contextos educativos formales e
informales? ¿Cuáles son las variables que modifican sus efectos a nivel individual
y contextual? ¿Cuáles son las caracteŕısticas intŕınsecas de las TICs? Estas son
algunas de las preguntas que gúıan esta investigación.

Esta tesis es un esfuerzo combinado de los campos de Ciencias de la Compu-
tación, Ciencia Cognitiva y Neurociencia que se propone contribuir al diseño
de software –“disfrazado” de videojuego– para el entrenamiento cognitivo, bus-
cando algoritmos adaptativos incorporados –individualidad de las personas– y
herramientas de análisis para estudiar los procesos cognitivos.

Durante las dos últimas décadas, la neurociencia y la psicoloǵıa del desarrollo
han diseñado e implementado una serie de intervenciones dirigidas a optimizar
el rendimiento cognitivo de diferentes poblaciones de niños. En este contexto, la
formación cognitiva se define como el proceso de mejora a través de la práctica
proporcionada por ejercicios o propuestas de enseñanza diseñadas para tal fin.
En ĺıneas generales, estos estudios se centraron en dos objetivos. Uno de ellos
busca responder a preguntas emṕıricas sobre los procesos cognitivos que pueden
ser entrenados y los mecanismos que generan cambios. La otra, se orienta al
diseño de las intervenciones.

Trabajos interdisciplinarias que combinan las ciencias cognitivas y de la compu-
tación, han llevado a cabo un programa de ingenieŕıa inversa para detectar las
operaciones involucradas en los cálculos aritméticos. Algunos de estos estudios
han demostrado la existencia universal de un sistema de cálculo aproximado que
está presente desde edades tempranas y se encuentra presente en la mayoŕıa
de las culturas. Descubrir este tipo de caracteŕısticas permite intervenciones efi-
cientes. Como conocer la arquitectura del procesador ayuda a la optimización del
código, el conocimiento profundo detrás de los cálculos humanos podŕıa permitir
la optimización de las actividades educativas.

Las estructuras cognitivas internas de la mente –metacognición [31, 39, 78],
toma de decisiones [72, 105, 74], razonamiento fluido [37], memoria de traba-
jo [137, 22, 35]– no son directamente observables, por ello sólo pueden ser estu-
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diadas mediante un método indirecto. Por ejemplo, puede captarse a través de la
observación del comportamiento humano durante la realización de alguna tarea.
Ver a alguien jugando al ajedrez, puede ser un modo de entender cómo juega
y piensa: si la persona es agresiva; si prefiere mover a los caballos antes que a
los alfiles; cuáles son sus aperturas favoritas. etc. Este ejercicio también podŕıa
realizarse observando los datos registrados con una computadora: alguien abre
un procesador de texto y escribe primero la fecha en el margen derecho; luego
“A quien corresponda:”. Sólo con estas dos ĺıneas, podemos arriesgar que está
escribiendo una carta formal.

El análisis de las interacciones con software puede reflejar los pensamientos de
la mente. Esto se hace más factible con el acceso a la tecnoloǵıa –y a Internet–.
Esta estrategia favorece la detección de cambios sutiles a través del análisis de
un conjunto de datos masivo. El desaf́ıo consiste, entonces, en diseñar activi-
dades que respondan a la preguntas de investigación y lograr involucrar a los
participantes para que la lleven a cabo.

Los videojuegos pueden llamar la atención de los niños y adolescentes [89]. Solo
observándolos jugar, resulta claro la preferencia por esta propuesta de aprendiza-
je y la capacidad de implicarlos en el proceso. Esto los convierte en una poderosa
herramienta para el entretenimiento educativo. De alĺı la importancia de evaluar
hasta qué punto y de qué forma la tecnoloǵıa del videojuego puede potenciar la
educación infantil.

Games with a Purpose es uno de los trabajos más inspiradores de esta tesis. Uti-
lizando juegos, su inventor logró canalizar esa actividad en la resolución de tareas
computacionalmente dif́ıciles. Con estos proyectos fue capaz de etiquetar objetos
en imágenes y localizarlos dentro de ellas. Con esta técnica, logró digitalizar li-
bros que no hab́ıan podido ser pasados al formato digital por una computadora.
Asimismo, permitió el reconocimiento y la lectura de señales viales; la traducción
de documentos en distintos idiomas; el etiquetado de estilos musicales; la recolec-
ción de definiciones usadas habitualmente por distintas personas para describir
conceptos, que pueden reemplazar a las definiciones tradicionales del diccionario;
entre otros.

La presente tesis combina la incorporación de la tecnoloǵıa y las ideas de Games
with a Purpose para lograr un dos objetivos: 1) aumentar la comprensión de la
mente humana a través de datos durante la resolución de tareas particulares; 2)
utilizar este conocimiento para diseñar y construir intervenciones cognitivas en
escenarios de gran escala. La tesis pretende aportar con el estudio y desarrollo
herramientas que puedan en el futuro realizar intervenciones educativas que,
mediante el entrenamiento cognitivo, permitan igualar las oportunidades de niños
y cerrar las diferencias que existen debido a las desigualdades del desarrollo
cultural y socioeconómico.



2. PLANNING GAMES FOR INTERVENTIONS

Mi �unico h�eroe en este l��o.
{Patricio Rey y sus Redonditos de Ricota

Educational neuroscience investigates the development of mental representations, learn-
ing approaches and aims to improve different teaching approaches [103]. This discipline
requires to collect data from children, which can be done in different manners.

The strategy used in the present work is to collect data from videos games. Why
video games? Because playing is ubiquitous among humans since prehistoric times [134,
51]. Furthermore, playing is a significant contributor to the child’s cognitive, physical,
emotional, and social development [9]. And video games are not the exception, most
of children like playing with a computer, and sometimes appear to maximize children’s
attention and prevent them from being distracted [143].

Since it is a common activity nowadays, analyzing video games playing behavior is one
of the most ecological ways to collect data which can be use to study and improve the way
children learn, solve problems and think.

Along their lives, humans face different problems. Some of the require planning ahead
the steps needed to solve it. In Compute Science planning is the model-based approach
to autonomous behavior where the agent selects the action to do next using a model of
how actions and sensors work, what is the current situation, and what is the goal to
be achieved [41]. Planning algorithms include some elements such as a value function,
search depth and, stochasticity. We set to study planning strategies in children playing
video games. To address this issue, this chapter focuses on understanding the problem
structure –sequence of trials, difficulty progression, characterization of trials–. With a
good understanding of the structure of a game, collected data will be more likely to be
useful to explain human strategies.

We use two planing tasks: Tower of London and Chocolate Fix. The exploration of
different sequences of trials based on users performance are enumerated, and tools and
proposals are detailed to be useful in future educational interventions.

2.1 Planning game I: Tower of London

Tower of London is a planning task designed in 1982 by Tim Shallice [117]. It was originally
aimed to measure the cognitive ability of planning [95, 68].

The rules are as follow:

� there are three beads: one red, one green and one blue;

� the beads are placed in sticks of unequal length. There are three stick which can
handle different amount of beads (1, 2 and 3 respectively);

� the participant have to move the beads one at a time from a starting configuration
to a target position in a minimum number of moves (Fig. 2.1 present a complete
trial).

9
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Since the objective is to solve it in the minimum amount of moves, a trial-error strategy
does not work. The participant has to plan before hand what to do in each move, because
any wrong move will lead to a failure in the trial.

To solve the puzzle of Fig. 2.1, if we consider the configuration of the left (S) as the
starting position and the right (T) as the final configuration, the trial must be solved in
five movements: the unique solution is Red from peg 3 to peg 1, Blue from peg 3 to peg
2, Green from 3 to 2, Red from 1 to 3 and Green from 2 to 3).

Fig. 2.1: Example of a trial of Tower of London. S: starting configuration, T: target configuration.
This puzzle has a solution of five movements

The protocol used in previous works in our lab was made of 40 trials ordered by the
amount of movements required to solve it. When inquiring how the sequence of trials was
designed the only one dimension mentioned was the number of moves needed to solve each
trial (distance among boards in the problem space, see Fig. A.26). This protocol used a
cut-off of three wrong trials in a row (i.e. when the participant makes three consecutive
wrong trials the test ends).

Data from an intervention on 2005 –519 children of an intervention were tested with
Tower of London– showed an increase in the difficulty of the test along the trials (blue
line in Fig. 2.2). Meanwhile, if the trials are grouped by the same distance, each group
does not showed an increasing difficulty (red lines in Fig. 2.2), just the opposite.

This exploratory analysis arises two possible hypothesis:

� The participants learn how to solve puzzles of the same distance

� The list of trials is not properly arranged with monotonous increasing difficulty

This is sound with Newman and Pittman, who suggested that using simply the mini-
mum number of moves in Tower of London problems to characterize problem di�culty has
to be reevaluated. This may be an important consideration given that many of the Tower
of London tests used to assess executive functioning in clinical populations simply use the
minimum number of moves as a measure of di�culty [96].

To test the two hypothesis new data must be collected. Although this study is out
of the bounds of the present work, the reason to include this section is to remark the
importance of thinking and planing the structure and administration of the tests.

In this direction and with the objective of adding information for future studies, a list
of structural information is provided here:

� The beads are from tree possible colors (Red, Green, Blue in the Figures)

� The beads can be order by reading them from the smallest stick to the tallest from
bottom to top. The possible orders are the permutations of the colors Red (R), Green
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Fig. 2.2: Tower of London performance. Trials are colored by the distance needed to solve it.
The blue line shows a negative linear relation among the number of trial and the suc-
cess rate (Pearson Correlation r(7747) = �0:212; p = 7:812E � 80) –the global diffi-
culty is increasing–. The red lines show the positive relation among the number of trial
and the success rate for trials of the same distance (Pearson Correlations: distance 1:
r(2591) = 0:122; p = 3:528E � 10; distance 2: r(2345) = 0:142; p = 3:730E � 12; distance
3: r(1726) = 0:118; p = 7:193E � 07; distance 4: r(1079) = 0:065; p = 3:070E � 02).

(G) and Blue (B): RGB, RBG, GRB, GBR, BRG, BGR. Six possible assortments
of colors

� The board allow 6 possible layouts which can be classified in three groups: Tower
(all the beads in the same stick), Partial (using two out of three sticks to place all
the beads) and Flat (every sticks has a bead) [26]. See Fig. 2.3

� The number of possible boards are 36 (6 layouts � 6 color assortments)

� The combination of an assortment of colors and a layout gives a unique codification
for each board. E.g. in Fig. 2.1 the board S has layout A and color: RBG, meanwhile
board T has layout B and color BGR. For practical purposes a code number was
assigned to each board: layout � 6 + colors order, where layout are numbers from
0 to 5 in the order exposed in Fig. 2.3, and colors order also numbered from 0 to 5
in the order mention in the previous item (In the example of Fig. 2.1, code for S is
33 = 6 � 6 + 3 because it is a tower and the arrange of colors is GBR, meanwhile
code for T is 28 = 4� 6 + 4 because it is a Partial layout and the arrange of colors
is BRG)

� The number of possible trials is the combination of choosing 2 different configurations
(source and target boards) out of 36 boards in both possible directions, i.e.

�
36
2

�
�2! =

1260 different trials

� If considering only one assortment of colors for the starting configuration, the number
of boards is 6� 35 = 210. Any other trial is isomorph to one of this initial set [65]

� The minimum distance among two boards is less or equal to 8. The number of
different puzzles for each distance is summarized in Table 2.1
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� Trials can have unique path solution or more than one way to reach the target in the
minimum amount of moves. The number of solutions per distance is summarized in
Table 2.1. The number of possible paths to solve a trial may influences its difficulty.

� The problem space has planar representation which can be observed in Fig. 2.4.
Each node represents a board. Each edge represent a movement which transform a
board into other. A trial is a pair of nodes from this graph. In the same Fig. the
solution to the trial exposed in Fig. 2.1 is shown.

� The starting layout changes the number of possible first moves, i.e. starting a trial
with a Tower layout allows the participant to pick rightly the first bead and then she
has a 50% chance of placing it correctly, meanwhile in a Flat configuration of a trial
with unique solution the participant has 33.33% of chance of picking correctly the
ball, and then another probability of placing correctly. Starting with tower seems to
be less likely to make wrong the first move using similar conditions

� The target layout influences the solution order: finishing in a Tower makes an unam-
biguous order to place the beads (firstly the one in the bottom, then the one in the
middle and the last one is the one on the top), meanwhile Flat make an ambiguous
order, there is no first look evidence that indicates which should be place first [26]

� Each movement can be characterized as: Goal (G), when placing a bead in its final
position; Counterintuitive (C), when a bead has to be removed from its final position
and; Intermediate (I), moves that are none of the previous categories. Labeling the
solution with the kind of moves can also be used to characterize the difficulty of the
trial [3, 63]

� The number of intermediate moves that have to be considered before the first goal
can be reached has influence in the performance [124]

� The number of series of successive moves that are not goals can be consider as a
difficulty predictor (number of chunks [3])

Distance
Total

1 2 3 4 5 6 7 8

#
S

ol
u

ti
on

s 1 108 168 180 132 84 96 84 - 852
2 - - 36 42 84 66 30 12 270
3 - - - - - 24 60 24 108
6 - - - - - - - 24 24
8 - - - - - - - 6 6

Total 108 168 216 174 168 186 174 66 1260

Tab. 2.1: Tower of London: number of available trials for different distances and number of possible
solution paths

In the example of trial exposed in Fig. 2.1, considering the trial as exposed from board
S to board T, may not have the same difficulty playing it backwards (from S to T). In
table 2.2 the comparison among forward and backwards trials is detailed.
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Fig. 2.3: Possible layouts of Tower of London with all the colors ordered in a sequence of Red-
Blue-Green if read by stick (from smallest to the tallest) from bottom to top. There can
be consider in three categories: Tower (F), Partial (A, C, D, E) and Flat (B).

Fig. 2.4: Problem space of Tower of London. Each node represent a board, and there is an edge
between two boards if one valid move changes form one to the other. The dashed line
represent the sequences of moves to solve the trial of Fig. 2.1

As a first and quick answer to the question “Are both trials, from S to T and from T to
S, of the same difficulty?”, the table shows some coincidences, but also some differences.
It might be needed to reflect a bit before getting an answer.

The following testimony of an operator who administered the test can help to under-
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Characteristics From S to T From T to S Are equal?

Length 5 5 Yes
# different paths 1 1 Yes
# first possible ball 1 2 No
# first move possible results 2 4 No
Initial configuration Tower Partial No
Final configuration Partial Tower No
Path characterization IGIGG IIGGG No
# moves to first goal 1 2 No
# chunks 2 1 No

Tab. 2.2: Tower of London: trial analysis of the example of Fig. 2.1 forward (from S to T) and the
difference with backwards (from T to S)

stand:

When the child is very impulsive (with low inhibitory control), she has to take
a ball in her hand to start \playing" and then think ahead where to place it.
When multiples balls are available to pick in the �rst movement, sometimes
she picked the wrong one.

Although this is a one-subject experience, it throws some light in the topic of this
section. This test might be problematic to asses children with low inhibitory control in
a planning task. This issue could be solved if the development of inhibitory control is
considered when choosing the sequence of trials of the protocol.

In addition, the three in a row wrong cut-off seems to be a fair rule to avoid frustration,
but it does not let the participants complete the whole protocol. Is this correct? How can
this be fixed to avoid frustration, asses planing and have the same amount of trials for
each participant?

To conclude this section, a proposal of a new protocol is presented. Unfortunately
there is no collected data to analyze the performance of this protocol. This sequence aims
to test if children’s performance have similarities with a random agent play.

The protocol has the next properties:

� It will include 5 trials of each distance: 1, 2, 3,...,8 (40 trials)

� It will include trials with only one possible path, except for those of distance 8 which
do not have trials of unique solution

� To maximize the exploration of the problem space, only 6 boards will be consider as
source (one of each layout), leading to 6� 35 = 210 puzzles

� For each trial colors will be assigned randomly as a transformation to avoid visual
repetitions in the source board. A color transformation could be the identity func-
tion, or swap Red with Blue, or all the colors. The properties of the board will be
the same.

� For each possible trial, the win probability of a random agent is calculated. The
agent has memory: it does not visit the same board twice in one solution.
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� Each trial belongs to a pair (distance, probabilities of winning).

� The 5 trials are split in subsets of decreasing probability of winning by chance. The
subset size are as similar as possible, if they can not be equal, higher chance are
preferred. For each subset trials are randomly selected and a color transformation
is selected. I.e. distance 1 has three probabilities: 0.5, 0.33 and 0.25. So, there will
be 2, 2 and 1 trials of each. The available boards for probability 0.5 are 4, for 0.33
are 6 and, for 0.25 are 8.

An example of the protocol can be observed in the Table A.1 of Appendix A.1.

Future iterations of the protocol will include relax trials (easier trials in the middle)
to avoid frustration of the participants and let them get further reducing the cut-off
criterion usage. It also should include the characteristics not included in this one but
listed before. Each of this improvements must include data collection and analysis. A
better understanding of the tool will allow researchers to have a better assessment of the
population.

2.2 Planning game II: Chocolate Fix

Chocolate Fix is a board game of the company Think Fun1 where the player works in a
candy shop completing orders from customers who request different assortment of choco-
lates (this game was used in the study included in Chapter 6).

The game has a story: the player works in a Candy shop where customers have strange
wishes for their boxes of chocolates. The tray to be filled is a 3 by 3 grid, and it will
contains always the same 9 chocolates arranged in some way. The chocolates are all the
combinations of 3 flavors (chocolate, strawberry and vanilla) and 3 shapes (circle, square
and triangle).

Each trial has a unique solution which consists in filling the tray with an assortment
of all the nine chocolates that accomplish every customer requirement. The requirement
is presented as one or more fragments –hereinafter referred as cues– of the tray where
each position could be: a piece, an attribute of a piece (flavor or shape) or an empty spot.
A cue is consider accomplished if it can be place over the board in a position where the
pieces match with the information of the cue. i.e. over a strawberry triangle chocolate a
cue can either have the same piece, a triangle shape, a strawberry flavor sign, or an empty
spot to be considered a match. A cue cannot be rotated, but it can be placed in any place
of the tray, e.g. a 2 by 2 cue has 4 possible positions in the board, a 3 by 2 cue only 2,
and a 3 by 3 cue has a unique position.

Since the game is composed by a board, pieces (made of two attributes, flavor or color
and shape) and cues (which are subpart of a board with pieces or attributes in it), it can
be translated to numbers for the complete pieces and letters for individual attributes (see
Fig. 2.5 for details). Using these codes, a trial was defined as a 9 characters string for the
board (bbbbbbbbb for the empty one or with other characters for non empty ones) and as
many sequences of 9 characters as cues has the board.

Using this string representation for the puzzle it was possible to develop a puzzle
builder in a web page (see Fig. 2.6) which allows researchers to design new puzzles and
check if they have a unique solution (or more than one or none). This tool also includes the

1 Used with the permission of Mark Engelberg and Bill Richie.
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Fig. 2.5: The codification of the pieces and attributes. Complete pieces are numbered from 1 to
9. Color attributes are l (light), d (dark) and, p (pink). Shapes are c (circle), s (square)
and, t (triangle).

option of transforming puzzles to generate isomorph puzzles. The transformation included
are:

Transformation: Rotate 90�, Rotate 180�, Rotate 270�, MirrorH (Horizontal Mirror, ex-
change top row with bottom row), MirrorV (Vertical Mirror, exchange left column
with right column) and, Swap Shape and Color (exchange every shape for a certain
color, and every color for a certain shape, it can be visualize as the transpose of the
numbers of the matrix on the right of Fig. 2.5)

Swap shape: Circle-Square (exchange every circle for a square, and every square for a
circle), Circle-Triangle and, Square-Triangle

Swap color: Light-Dark (swap light attributes with dark), Light-Pink and, Dark-Pink

In the way to study the algorithms used by the participants to solve the puzzle, one
possible way is observing trajectories [14]. In our game, as an exploratory analysis we
choose to develop visualizations of the movements used to solve each trial.

The puzzle of Fig. 2.7 was explored in a dataset of children from 6- to 10-years-old
and produced the trajectories exposed in Fig. 2.8. Each square is one of the different
possible board states while solving the puzzle (initial board in the first row, boards with
one piece place in the second row and full-filled boards in the third row), the boards are
linked by edges, as a direct graph, labeled by a piece and proportion of how many of the
participants who where in that state decide to took a certain transition –which is also
reflected in the width of the line–. The visualization of this puzzle lets the observer notice
(see Fig. 2.8) that the preferred first move is with the strawberry circle (pink circle): 144
out of 156 made this choice. The first move with the preferred piece lead to two different
board states: 75 participants place it correctly (third board of second row) meanwhile 69
place it wrong (first board of second row).

This technique was particularly useful to get insight of the data in the study presented
in Chapter 6, where we analyze small space problems like the one of Fig. 2.8. The visu-
alization was possible because the possible board states are reduced to 7 possible boards:
the initial board, 4 possible boards with one piece placed (each of the two pieces can be
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Fig. 2.6: Screen shot of the puzzle builder app. It includes buttons for manual transformation and
the string representation of the board.

Fig. 2.7: Chocolate Fix puzzle with only two missing pieces (in the right), the initial board, the
cue and the final solution. To check the solution the cue must be place in the bottom of
the board, where the circle attribute it is accomplished by the strawberry circle and the
strawberry flavor is accomplished by the strawberry square.

placed in two positions) and the board with all pieces placed (the correct solution and a
wrong solution).

However, not all the puzzles can be visualized in the same way. For example, the one
of Fig. 2.9 produced the trajectories of Fig. 2.10 which is much bigger than the previous
one. Since this trial starts with an empty board, in the second row there are 81 potential
boards –the 9 possible first pieces in the 9 possible spots of the tray–. After this first move,
the number grows which made it harder to extract ideas on the first sight. Although some
things can be observed: there is only one full-filled board, and it is correct –no one full-
filled wrong, it seems to be an easy puzzle–; the two most visited paths seem to be one
with around 50 participants –starting with the vanilla circle–, and the other with around
30 out of 150 participants –starting with the vanilla triangle–, both initial pieces are the
top most piece of each cue.

This huge board space will be interested to study when collected data is not limited to
a few hundreds of participants. It is interesting to see which percent of the solution path
space is cover while solving trial of Fig. 2.10 in comparison with all possible trajectories
states (see in Table 2.3).

Along this work, many puzzles were designed to generate a sequence of levels according
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Fig. 2.8: Chocolate Fix solve tracing graph example. The top board is the initial one, it starts
pre-filled with only two empty spots. The second row of 4 boards represent the result
after placing the first piece. The third row represent the two possible full filled. The
fourth row are the possible results of the trial, participants receive the result when they
click a Check button. In the bottom of the image the puzzle is shown: the missing pieces,
the initial board, the cue and the solution. Red lines represent the Reset button click.

Fig. 2.9: Example of puzzle which visualization size explodes due to the number of possibilities.

to the different populations. Next a summary of the levels designed is presented:

Primary School 2014: 6- to 10-years-old participants in a 6 session experiment. 64 trials
ordered by increasing complexity. The dimensions of complexity had different ranges
(ordered from simpler to complex):

� Board pre-filled to empty

� Missing pieces from 1 to 9

� Cues of 3-by-3 to smaller cues

� Cues information disjoint to cues that must be integrated

� Cues with full pieces to cues with partial attributes

� Puzzles with information to place every piece to puzzles were pieces are place
by discard
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Fig. 2.10: Example of puzzles whose visualization size explodes due to the number of possibilities.

Row/Number of pieces placed Number of boards Possible number of boards

0 1 1
1 9 81
2 20 2592
3 20 42336
4 23 381024
5 22 1905120
6 25 5080320
7 26 6531840
8 10 3265920
9 1 362880

Total 157 17572114

Tab. 2.3: Analysis of the visualization of the data solving the puzzle of Fig. 2.9 and the comparison
with the possible full cases. Each row of the visualization correspond to a different
number of pieces placed. The amount of possible boards for each row is calculated as�

9
row

�
�

�
9

row

�
� row! (with row as the number of row).

� Cues can be selected in any order to cues that must be selected in a certain
order

To generate engagement in the participants a score was included. The trials were
grouped in levels of 6 trials each. And the score of each level gives
10� fibonacci(level number + 1). i.e. level 1 gives 10 points, level 2 gives 20, . . . ,
level 4 gives 50, and so on...

Berkeley Eye Tracking 2014: undergraduate students of UC Berkeley. 48 trials in 1 ses-
sion. The objective was to explore how small manipulations of the puzzles impact
on the performance of the participants. Using cues with only partial attributes, the
manipulations were:

� Integration: 2 cues, 3 pieces missing, 1 piece place by process of elimination.
The small manipulation was produced by moving an attribute in one cue, re-
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ducing the ambiguity. Two kind of puzzles: high and low integration

� Distraction: 2 cues, 2 pieces missing, 1 piece place by process of elimination.
The small manipulation was produced by a cue which is similar to the empty
spots of the tray and it as attributes of the missing pieces (high distraction),
the control condition has a cue already accomplished in the tray but not similar
to the empty spots.

� Redundant: 3 cues, 3 pieces missing. One condition’s puzzle has one of the
cues which is enough to solve it, meanwhile the other conditions at least two
out of the three cues were needed to solve it.

A score of cues was designed with the objective to measure the information provided
in each one. The formula to get the score is:

cue score = (5�#pieces+ 2� (#color + #shape))� (width+ height� 2)

with #pieces being amount of complete pieces of the cue; #color the number of
color cells in the cue; #shape the number of shapes of the cue and; width and height
which refer to the size of it.

An example of each category of puzzle is included in Appendix A.2

Primary School 2016: 4 sessions for children from 5- to 7-years-old in Argentina and from
6- to 9-years-old from Colombia. Similar to the previous primary school edition but
adapted to be play in 4 sessions. Around 80 participants.

Uruguay 2016: 12 session for 5 years old children (around 200 students). Trials are easier:

� Level 1 (trial 1 to 8): 1 cue, 1 missing piece

� Level 2 (trial 9 to 12): 1 cue, 2 missing pieces

� Level 3 (trial 13 to 16): 1 cue, 2 missing pieces, 1 piece place by process of
elimination

� Level 4 (trial 17 to 20): 2 cues, 2 missing pieces

� Level 5 (trial 21 to 22): 2 cues, 3 missing pieces

from session to session a transformation was applied to make the trials seem different.

The last 3 set of puzzles were not analyzed yet.
The sequence of trials a participant faces and the order they are presented was study

from game perspective [14] to Intelligent Tutor Systems [18]. A long the last 5 years the
following strategies were explored:

� Sequence of trials: when the participant presses check and the trial is incorrect the
game let the player fix it and check it until it is correct. When it is correct the
game moves to the next sequence. Checking in wrong configurations can be used
as a strategy to game the system, but this could be avoided if points are scored
on perfect solutions, or points are subtracted when checking wrong solutions. This
strategy is easy to read it in the pseudo-code 2.1

� Sequence of trials with no fixing: the same as before but only one possible fix (or
none) is allowed.
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� Grid of trials: in a graphical representation, the first row is a sequence similar to
the previous ones, the columns are the result of applying some randomly selected
transformations applied to the trial in the first row. The participants will start
playing in the first row, if the trial is correct, next trial is the first row of next
column. If it is incorrect it goes back one column, but it moves to a row she has not
played yet. In other words: if it is correct it moves to the next (right) column to the
highest un-played cell, if it was incorrect it moves to the previous (left) column to
the highest un-played cell. For a graphical example see Fig. 2.11 where two chances
per trial are allowed.

Fig. 2.11: Sequence of levels. Each column has similar puzzles, each one was made with a trans-
formation (like rotation, changing colors, etc). Each time the participant lose a trial,
the next trial is a variation of the previous one that she had not play yet. In the figure,
the black arrow represent a player who never loses. The blue one, is the variation if the
player loses in trial 2.a. And the orange arrow represents a player that loses trial 2.a,
then win 1.b and then loses 2.b, then win 1.c and 2.c and then she join the original path.
Every trial has 2 chances before going back to the previous one. All the player played
always the trials with letter “a”.

cur_trial = 1 # current trial number

On Check trial :

If correct :

score = score + level * 10

cur_trial = cur_trial + 1

Else:

score = score - level

cur_trial = cur_trial

Code 2.1: Next trial selection for the straight forward strategy.
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cur_trial = 1 # current trial number

cur_variation = 0 # current variation number

On Check trial :

If correct :

cur_trial = cur_trial + 1

cur_variation = least_times_play_variation ( cur_trial )

Else:

If it is first try:

// try again

Else:

cur_trial = cur_trial - 1

cur_variation = least_times_play_variation ( cur_trial )

# least_times_play_variation has access to what the player

# have played and returns un - played variation of the number

# passed as parameter

Code 2.2: Next trial selection for the grid of trials strategy.

Unfortunately we could not study differences among these strategies due the population
where each strategy was try were different. It will be part of future work to explore if
these strategies change results within the same population.
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Resumen en español

Juegos de planeamiento para intervenciones

La neurociencia educativa investiga el desarrollo de las representaciones men-
tales, los enfoques de aprendizaje y apunta a mejorar diferentes enfoques de
enseñanza [103]. Esta disciplina requiere recolectar datos del modo en que los
niños aprenden, y esto puede llevarse a cabo de diferentes formas.

La estrategia utilizada en el presente trabajo es recolectar datos de la interacción
de los niños con videojuegos diseñados para tal fin. ¿Por qué los videojuegos?
El juego es parte de la cultura desde tiempos prehistóricos [134, 51]. Además,
los juegos son un factor importante que contribuye al desarrollo cognitivo, f́ısico,
emocional y social de niños y niñas [9]. Los videojuegos no son la excepción, a
la mayoŕıa les gusta jugar con una computadora, llegando incluso a niveles de
atracción en los que los videojuegos parecen capturar toda su atención y hacerlos
ignorar lo que sucede a su alrededor [143].

Como los videojuegos pueden ser catalogados como una actividad cotidiana, se
transforman en una de las formas más ecológicas de recopilar datos para estudiar
y mejorar la forma en que los niños aprenden, resuelven problemas y piensan.

A lo largo de sus vidas, los seres se humanos enfrentan problemas diferentes. Al-
gunos de ellos requieren la planificación por adelantado de los pasos necesarios
para resolverlos. En Ciencias de la Computación, la plani�caci�on es el enfoque
basado en modelos de comportamiento aut�onomo en el que el agente selecciona la
acci�on a seguir usando un modelo de c�omo funcionan las acciones y los sensores,
cu�al es la situaci�on actual y cu�al es el objetivo a alcanzar [41]. Los algoritmos de
planificación incluyen algunos elementos como una función de valor, profundidad
de búsqueda y aleatoriedad. En este caṕıtulo nos enfocamos en las estrategias
de planificación que despliegan los niños y niñas jugando videojuegos. Para ello,
nos centramos en la comprensión de la estructura de los problemas a estudiar
–secuencia de ensayos, progresión de la dificultad y caracterización de las secuen-
cias de niveles–. Una buena comprensión de la estructura de un juegos permite
que los datos recopilados tengan más probabilidad de ser útiles para explicar
estrategias y métodos humanos para resolver estas tareas.

Concretamente, se analizan dos tareas de planificación: Torre de Londres y Cho-
colate Fix. A partir de ello, se enumeran las secuencias de ensayos basadas en el
rendimiento de los usuarios. Finalmente, se desarrollan herramientas y propues-
tas para futuras intervenciones educativas.
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3. CELL-PHONES INFLUENCES IN FACE-TO-FACE
INTERACTIONS

Y aqu�� gracias a Dios uno no cree en lo que oye.
{Patricio Rey y sus Redonditos de Ricota

The world has changed since cell-phones became popular. In the last 20 years, Ar-
gentina changed from having less than three cell-phone every 100 people to more than 1
cell-phone per person in 2015, according to a report of the International Telecommuni-
cation Union, World Telecommunication [57]. This is a world phenomenon as shown in
Fig. 3.1 and Argentina’s ratio is bigger than World’s ratio since 2003.
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Fig. 3.1: Number of cell-phones every 100 people. Argentina’s proportion of phones and people is
over 1 since 2007. World’s proportion is almost 1 to 1 for the year 2015.

In this chapter we explore how cell-phones affect the face-to-face talk. We designed
a protocol where in a few minutes of interaction dyads had to interact under different
conditions and report perceptions and feelings. The experiment was done in two editions of
TEDx Talks (TEDxŔıodelaPlata and TEDxRosario) and it was a joint effort of biologists,
computer scientists, designers and hosts and volunteers of TEDx Talks.

This work contributes in to the assessment of the impact of including ICT in informal
contexts. Further work should study if the impact is the same in formal environments,
such as schools.

This chapter was partially published in the Journal Plos One on June 3, 2015 [83].

3.1 Introduction

Cell-phones are ubiquitous, with more than 300 million users in the United States and more
than 6.800 millions world-wide [135]. This pervasive device opens a window to understand
multiple aspects of human society. Several studies have analyzed cell-phone calls as large-
scale social networks, describing communication patterns and network structure e.g. [73,
97, 71, 98, 61]. Communication data has been studied to understand human mobility
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patterns [45, 122, 85]. These data also offers an indirect measure for social interactions
– showing non-Poissonian bimodal interevent distributions [139, 118, 64] – and where
relationships between people may be infered from reciprocal calls patterns [32, 16, 70].

These studies focus principally on cell-phones as a tool for quantitative sociological
research to understand different aspects of human behavior. Instead, we investigate the
impact that cell-phone distraction may have in human relations. Cell-phone use impairs
attention even to gazed elements of the visual scene [127], which has been recognized as
a major risk factor during driving [90]. Because this has become a major safety issue,
the vast majority of research on inattention due to cell-phone use has concentrated on its
implication on driving deficiencies.

However, the consequences of inattention are obviously not only specific to driving.
For instance, cell-phone users walk more slowly, change direction more frequently, and are
less likely to acknowledge other people [56]. In fact, many people sense that using cell-
phones and other electronic devices may have a strong cost on how we communicate and
relate to each other. However, this cost has not been thoroughly studied empirically. The
goal of this paper is to solve this empirical gap determining - in a quantitative manner -
how human social interactions are affected by frequent interruptions based mostly on the
use of electronic devices.

To this aim, we performed a two-player social game, with a large sample (N=713
couples) playing simultaneously in two different experiments performed in theaters, during
TEDx events. Each player of the dyad was assigned a different role. The speaker was asked
to narrate a very engaging four-minutes story. Some listeners were given instructions to
pay full attention to the speaker. Other listeners had to ignore the speaker mainly using
his cell-phone (text messages, Twitter, etc.). Finally, others listeners had to change their
attitude from full attention to no attention for different time periods during the four-
minute exercise. The speaker and the listeners only read the instructions of their role.
However, the instructions of the listener included also a description of the speaker task.
Thus, the listener is aware of all aspects of the experiment, while the speaker is not
informed of the listener’s role. Following this treatment, we measured participant’s beliefs
about the quality of the story and about the conversational partner.

3.2 Methods

Experiments were performed on a large audience in two different theaters, in TEDx events.
This experiment is part of an initiative referred to as TEDxperiments which aims to
capitalize on TEDx events to construct knowledge on human communication. The first
experiment was performed on September 27, 2013, in Buenos Aires, with an audience of
1200 people at TEDxŔıodelaPlata (http://www.tedxriodelaplata.org). The second
experiment was performed on October 9, 2013, in Rosario, with an audience of 900 people
at TEDxRosario (http://www.tedxrosario.com.ar).

The theater research assistants handled the material (paper and pencil) to participate
in the experiment. Participants were informed that participation in the experiment was
completely voluntary and they could simply choose not to participate. Participants pro-
vided a verbal consent. They simply responded to the research assistants the willingness
to participate. Due to the brevity of the experiment, participants did not sign a written
consent form. Participants were explicitly assured that 1) they participation in the ex-
periment was completely voluntary and that they could leave the experiment at any time

http://www.tedxriodelaplata.org
http://www.tedxrosario.com.ar
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and 2) that all the data was completely anonymous. Anonymity was assured since the
questionnaires filled by participants did not have any personal information (name, age,
gender) and were dropped in a common box. The procedures of the experiments described
here were approved by the ethics committee of CEMIC (Centro de Educación Médica e
Investigaciones Cĺınicas Norberto Quirno).

Each player was paired with the person sitting in the next row of the theater (to make
it more probable that people would play with someone they did not know beforehand) and
was given an envelope containing the instructions for two roles that were assigned randomly
(instructions are presented in Appendix A.3. Players were asked to open their role and then
the game commenced. Videos of the game (see http://www.tedxriodelaplata.org/

videos/tedxperiments) reflect a very strong commitment of players, in both theatres.
Participants were assigned randomly to 6 different groups: 10% of the players were in the
full attention group (the instruction was to pay attention all the time), another 10% were
the none attention group (they were asked to ignore their conversational partner all the
time). 80% of the participants were uniformly divided in four groups in which the listener
ignored the speaker for a total of two minutes (half of the total story duration). The
four groups were assigned different temporal patterns labeled [(+ +��); (��++); (+�
+�); (� + �+)], where each symbol denotes a minute of the dialog and plus and minus
signs index whether the listener attends the speaker (+) or not (�). After playing the
game, players had one minute to fill an anonymous questionnaire which responding in
range of 1 to 10 (1 is the minimum and 10 the maximum)

Speaker Questionnaire:

� About the story: whether they believed the story they told was entertaining (Ques-
tion 1, Q1) and emotive (Q2).

� About the conversational partner: whether their partner was an interesting (Q3),
attractive (Q4) and enjoyable (Q5) person; whether the way they told the story was
effective (Q6), recited fluidly and with good rhythm (Q7) and well perceived by the
listener (Q8).

Listener Questionnaire:

� About the story: whether they believed the story they heard was entertaining (Ques-
tion 1,Q1) and Emotive (Q2) and told fluidly (Q3).

� About the conversational partner: whether their partner was an interesting (Q4),
attractive (Q5) and enjoyable (Q6) person.

The speaker and the listeners only read the instructions of their role. However, the
instructions of the listener included also a description of the speaker task. Thus, the
listener is aware of all aspects of the experiment (that the speaker is asked to tell a very
important story and that they should ignore the speaker during specific times). Instead,
the speaker is not informed of the listener’s role and has no way to know it. To assure
that they did not guess that the listener was acting a role, we asked a random sample of
participants (N=170) whether they realized that the listener was acting a role. Only 3
participants (< 2%) responded positively.

Only pairs of players for whom we had all responses complete were considered for
analyses, to assure that all comparisons could be paired. This left us with a total of 414
pairs in the first experiment and 299 in the second experiment.

http://www.tedxriodelaplata.org/videos/tedxperiments
http://www.tedxriodelaplata.org/videos/tedxperiments
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3.3 Results

After playing the game, the players completed a questionnaire responding several questions
(on a 1-10 scale) about how they perceived their conversational partner and the story (see
methods for a full description of the questionnaire).

Is there a bias such that either speakers or listeners tend to judge the story
and the partner di�erently?

Listeners had a better opinion of the speaker than vice versa (average partner percep-
tion: speaker 6:68� 0:08, listener 7:53� 0:07). Similarly, the story (its quality, whether it
was entertaining, recited fluidly) was better ranked by the receiver (average story percep-
tion: speaker 5:85� 0:09, listener 6:67� 0:09). These results were confirmed by a paired
t-test comparing the scores within each speaker-listener pair which showed a highly sig-
nificant difference (story: t = 9:08, df = 665, p < 1:18� 10�18, Cohen’s d = 0:42, partner:
t = 7:91, df = 615, p < 1:18� 10�14, Cohen’s d = 0:41).

Are speaker judgments determined by attention time?

The speaker’s judgments of the quality of the story they told and about their conver-
sational partner increased markedly as the time of attention by the listener augmented
(Fig. 3.2, top panels a and b).

Are listener judgments determined by attention time?

Analogously, the listener’s judgments of the story they listened to and their opinion
about the speaker increased with the time of attention (Fig. 3.2, bottom panels c and d).
This effect was more surprising since the listener was aware that ignoring the story was
only due to task instructions and not because she considered the story or the conversational
partner uninteresting. To confirm these results we submitted the data to two independent
ANOVA, one for the story and one for the partner scores, with role (Speaker or Listener)
and time of attention (0, 2 or 4 minutes as main factors). Both ANOVAS showed highly
significant effects of the main factors (time and role) without interaction (Table 3.1). These
results were replicated when analyzed for each of the two independent experiments (Table
3.3)

Story Conversational Partner

Factor F df p F df p

Role 16.47 2 < 10�8 12.81 2 < 10�8

Attended Time 26.53 1 < 10�8 34.04 1 < 10�8

Interaction 1.89 2 0.15 1.5 2 0.22

Tab. 3.1: ANOVAs for the story and for the partner scores, with role (Speaker or Listener) and
time of attention (0, 2 or 4 minutes as main factors).

Which judgments are a�ected by attention time?

The questionnaire asked participants about different dimensions of the story and how
it was told; including its flow and rhythm, whether it was entertaining and how emotional
was its content. To investigate the effect of attended time in each question, we performed
independent linear models (one for each question) with score as dependent variable and
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Fig. 3.2: Speakers and Listeners judgments on quality of story and conversational part-
ner increase as minutes of attention augment. a) The speaker’s judgments of the
quality of the story. b) The speaker’s judgments of their partner. c) The listener’s
judgments of the story. d) The listener’s opinion about the speaker.

Speaker Listener
Params Q1 Q2 Q3 Q4 Q5 Q1 Q2 Q3

� 4.74 5.35 4.72 5.23 4.19 6.14 5.67 6.37
� 0.29 0.18 0.56 0.51 1.02 0.44 0.10 0.36

PP 0:01 0:16 < 10�8 < 10�8 < 10�8 < 10�8 0:45 0:0041

Tab. 3.2: Linear regression of questions only about the story for speakers and listeners.

attended time as the main regressor. The sole score which did not increase monotonically
with time of attention was the emotional content (Question 2, see Table 3.2).

Are judgment a�ected by whether attention is deployed at the beginning, at
the end, or alternating throughout the story?

The condition in which the listener ignored the speaker for two minutes (half of the total
story duration) was organized in four different temporal patterns labeled [(+ +��); (��
++); (+�+�); (�+�+)], where each symbol denotes a minute of the dialog and plus and
minus signs index whether the listener pays attention to the speaker (+) or not (�). The
aim of this factorial design is to investigate whether the dynamics of deployed attention
(for fixed attended time) is pertinent for subjective constructs of the success of human
communication. This experimental design controls in a factorial manner the durations
of moments of attention and inattention (interval duration 1 or 2 minutes) and whether
attention is deployed at the beginning and then fades out or conversely whether the listener
first ignores the speaker and then attention grows (interval order: pay attention first or
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pay attention last).

We submitted the subjective scores of conversational partner and story perception
to independent ANOVAs with order and duration and their interaction as independent
factors. The data consistently showed that none of the subjective scores were sensitive
to the effect of order or duration (Table 3.4, none of the eight effects of interest reached
significance or even reached marginal significance). Of course, it is impossible to discard a
residual small effect size. However, the fact that this experiment is performed over a very
large sample (N = 713 couples), and that the effect of attended time reached very high
levels of significance, consistently in two independent experiments, suggests that overall
the variance in subjective perception of human communication is largely determined by
the total amount of attention and not on how it is distributed.

3.4 Discussion

We investigated how neglect resulting from use of mobile devices affects human social
perception. Our results show that speakers grade the quality of the story and the sympathy
towards the listener in proportion to the time they are paid attention. The quantitative
measure of this results points out that 1) this is a highly significant effect (perception of
the story by a speaker changes from � 4:86=10 to � 6:83=10 from no to full attention)
which is consistent across experiments and reaches very high levels of significance and 2)
the effect is mostly independent on whether inattention alternates in time or is collapsed
in long lasting episodes.

More surprisingly, the listener qualification of the story and the sympathy they report
towards the speaker also varied with the amount of attended time. This result was less
expected to us prior to the experiment because the listener is fully aware of the fact
inattention solely responds to task instructions and not to the merits of the story. The
current data cannot fully narrow the principles leading to this observation, but there
are two parsimonious (and not mutually exclusive) explanations. First, this observation
naturally results as a way to avoid cognitive dissonance [38]. Ignoring and praising someone
at the same time (even if ignorance is presumably not related to the merits of the speaker)
yields to two contradictory beliefs and values, which is known to be a source of cognitive
stress and discomfort that tends to be avoided implicitly [38]. A similar interpretation
of this finding is that it may be affected by demand effects, usually defined in economic
experiments to refer to changes in behavior by experimental subjects due to cues about
what constitutes appropriate [142]: the listener may think that if the experimenter asks
him/her to ignore the speaker, a response of less interest is expected.

Second, it is possible that upon being ignored, the speaker changes his attitude, gives
up on the story and makes it worse in which case the receiver’s scores would reflect a
genuine deterioration of the quality of the story (and probably of the way the speaker
looks) as they progressively remove attention.

Studies examining children raised in severe cognitive neglect have consistently shown
marked cognitive development deficits related to major decreases in individual attention
and emotional affection [101]. Our study can be seen as a way to address the effect of
inattention in subjective beliefs in a much more frequent and less extreme condition: a
person being partially ignored while telling a very meaningful story.

One consequence of inattention and distraction during human communication is the
disruption of ostension. Ostensive signals, which include among others directing gaze,
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raising the eye-brows and changing the tone of voice, constitute a natural protocol to
convey pertinence in human communication [24]. In natural human communication, os-
tensive signals index the reliability and trustability of the communicator as well as the
pertinence of the communicated message [24]. Hence, a natural prediction of the theory
is that a person ignored while telling a story would generate negative beliefs about the
recipient (the person breaking ostension) and also about the story being told. Our work
confirms this hypothesis both from the point of view of the emitter and the receiver of the
communicated message, quantifying the cost of inattention.

Finally, our analysis showed that the temporal distribution of attention has a negligible
effect on the communicators’ beliefs. Different theories predicted opposing outcomes from
this temporal manipulation of attention.

One principle is that communication begins with a handshaking protocol, a statement
by which the agents agree upon their intention to communicate [93]. From this princi-
ple it derives that inattention in the first moment of the dialog should lead to a worse
perception of the receiver (the lack of politeness of sustaining a hand-shaking protocol).
Instead, inattention during the last moments of the dialogs does not break the protocol of
communication and may be instead attributed by the emitter to the fact that the story
was uninteresting. A dancing metaphor may help anchoring this idea. If a person invites
another to dance and the invitee (the recipient) rejects the invitation, the emitter (the
person making the invitation) may make the inference that the invitee was not polite.
Instead, if the receiver accepts the invitation but breaks the dance by the end of it, the
natural inference is that the dance was not good enough to sustain attention and hence
blame is on the message (the dance, or the story) and not on the conversational partner.

Alternatively, it may be reasoned that – as observed in other domains of cognition –
retrospective beliefs are dominated by the perception at the last episodes [62]. For instance,
Kahneman (1993) found that subjects retrospectively prefer a treatment in which a fixed
amount of pains is followed by a lower dose than when it is followed by no pain. This implies
that participants do not accumulate the total amount of discomfort but instead generate
beliefs based on fragments of the experience, largely dominated by the last episode. In our
experiment, if the data were dominated by this principle we would expect that participants’
beliefs would be affected by the temporal distribution of attention (experience would be
ranked worse when the listener neglects the speaker during the end of the story) and less so
by the total amount of attention. Instead, our data show that the distribution of attended
time plays a negligible role in the variance of subjective perception of the story and of the
conversational partner.

In summary, a quantitative analysis following a face to face brief (4 minutes) commu-
nication shows that the total amount of attention is the major factor driving subjective
beliefs about the message (the story being told) and of the conversational partner. The
effect is observed on both the emitter and the receiver and is mostly independent on how
attention is distributed in time. Interruptions during day to day communication between
peers and also with children are extremely frequent. Our data should provide a note
of caution, by signaling the consequences of these windows of neglect on the teller and
receiver of a story.

3.5 This experiment in the media

� https://www.tiempoar.com.ar/articulo/view/57222/las-apps-no-hacen-la-felicidad-

https://www.tiempoar.com.ar/articulo/view/57222/las-apps-no-hacen-la-felicidad-el-80-se-borran-en-el-dia
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el-80-se-borran-en-el-dia

� https://www.clarin.com/sociedad/ciencia_argentina-celulares-comunicacion-

conversacion_cara_a_cara_0_rJiXVJKDQg.html

� http://www.perfil.com/ciencia/muestran-que-el-smartphone-afecta-el-dialogo-

cara-a-cara-0219-0080.phtml

3.6 Supporting Information

Buenos Aires

Story Conversational Partner

Factor F df p F df p

Role 11.28 2 < 10�8 6.25 1 0.002
Attended Time 14.64 1 0.0001 10.4 1 0.0013

Interaction 0.72 2 0.49 0.45 1 0.64

Rosario

Story Conversational Partner

Factor F df p F df p

Role 4.82 1 0.0084 8.47 1 0.0002
Attended Time 12.08 1 0.0005 27.69 1 < 10�8

Interaction 1.47 1 0.23 3.44 1 0.03

Tab. 3.3: Story and the partner scores. ANOVAs for the story and for the partner scores at
each experiment location (Buenos Aires and Rosario), with role (Speaker or Listener)
and time of attention (0, 2 or 4 minutes as main factors).

Speaker

Story Conversational Partner

Factor F df p F df p

Order 1.54 1 0.21 0.2 1 0.66
Pattern 3.14 1 0.07 0.76 1 0.38

Interaction 0.28 1 0.6 2.87 1 0.09

Listener

Story Conversational Partner

Factor F df p F df p

Order 2.92 1 0.09 5.89 1 0.01
Pattern 4.25 1 0.04 2.92 1 0.09

Interaction 0.14 1 0.71 0.11 1 0.74

Tab. 3.4: Subjective perception of the story and partner. ANOVAs for the subjective
perception of story and partner for each role, with order (whether listener finished paying
attention or not) and temporal pattern of attentions (2 interleaved blocks of 2 minutes
or 4 interleaved blocks of 1 minute).

https://www.tiempoar.com.ar/articulo/view/57222/las-apps-no-hacen-la-felicidad-el-80-se-borran-en-el-dia
https://www.tiempoar.com.ar/articulo/view/57222/las-apps-no-hacen-la-felicidad-el-80-se-borran-en-el-dia
https://www.clarin.com/sociedad/ciencia_argentina-celulares-comunicacion-conversacion_cara_a_cara_0_rJiXVJKDQg.html
https://www.clarin.com/sociedad/ciencia_argentina-celulares-comunicacion-conversacion_cara_a_cara_0_rJiXVJKDQg.html
http://www.perfil.com/ciencia/muestran-que-el-smartphone-afecta-el-dialogo-cara-a-cara-0219-0080.phtml
http://www.perfil.com/ciencia/muestran-que-el-smartphone-afecta-el-dialogo-cara-a-cara-0219-0080.phtml
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Resumen en español

La influencia de los celulares en las charlas en persona

El mundo ha cambiado desde que los teléfonos celulares se hicieron populares y
accesibles. De acuerdo a un informe de la Unión Internacional de Telecomuni-
caciones (World Telecommunication) [57], en los últimos 20 años, la Argentina
pasó de tener menos de tres teléfonos celulares cada 100 habitantes, a más de
uno por persona en el 2015. Esta misma tendencia se extiende a nivel mundial.

En este caṕıtulo se explora cómo los teléfonos celulares pueden afectar la per-
cepción de los participantes de una charla cara a cara. Para ello, se utilizó un
diseño experimental en el que dos personas interactuaban unos pocos minutos en
los que uno le contaba al otro una historia personal. Esto se realizó indicado a
quien escuchaba esa historia que interrumpa en mayor o menor medida su aten-
ción hacia el otro para mirar su celular (escuchar y mirar todo el tiempo al otro,
ignorarlo todo el tiempo mirando el celular, prestar atención solo la mitad del
tiempo, etc). Luego de ello, ambos deb́ıan reportar lo que hab́ıan percibido del
otro y sus sentimientos respecto de la interacción. Este experimento fue llevado a
cabo en dos ediciones de las charlas TEDx (TEDxŔıodelaPlata y TEDxRosario).

Una vez recabada la información de los reportes, se realizó un análisis cuantita-
tivo que mostró que el tiempo de atención es el factor principal que impulsa las
creencias subjetivas sobre el mensaje (la historia que se cuenta) y el compañero.
El efecto se observa tanto en el emisor como en el receptor y es independiente
de cómo se distribuye la atención en el tiempo de interacción. Las interrupciones
durante la comunicación diaria entre compañeros y también con los niños son
extremadamente frecuentes y tal como muestra este estudio, afectan el v́ınculo
entre las personas. Por ello, podemos afirmar la importancia de considerar las
consecuencias de las interrupciones durante un diálogo, a fin de evitar que el
mensaje y las percepciones de los participantes se vean afectadas.

En śıntesis, este caṕıtulo contribuye a la evaluación del impacto de la inclusión
de las TIC en contextos informales. Queda pendiente avanzar en estudios de este
tipo en entornos formales, como las escuelas.
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4. CROWDSOURCING EXPERIMENT: TRANSMISSION OF AN
IMAGE THROUGH TEXT

No mires por favor, y no prendas la luz, la imagen te des�gur�o.
{Patricio Rey y sus Redonditos de Ricota

Learning through Internet has become popular in the last years. MOOCs are an exam-
ple of a new way of learning. This new educational setup has also different challenges to
address, such as preventing drop-off, effectiveness of the learning and engagement. Some
characteristics of these new environments are: less opportunities for direct interactions
with the teachers, automated survey assessments and, students assign time and focus on
their own. In the present chapter we address the following questions for digital environ-
ments: how good (or bad) can explanations in textual format be produced by the user of
a digital environment and, how good (or bad) can these explanations be interpreted.

Using a specially developed cell-phone app, we collected data of people communicating
simple geometrical figures in a written way, later reconstructing a figures from others
explanations and, assessing the whole process.

The main contribution of this work is the measurement of the limits of communicating
geometric concepts in a written way through an app, implementing a large scale digitalized
experiment using crowdsourcing and gamification. Some of the observed strategies used to
communicate worked out well while others did not work at all. This situation is an advice
to be aware when including new technologies in educational processes: special attention
must be taken into account when choosing communication strategies.

This work was possible through the participation of an interdisciplinary team with
programmers, physicists, computer scientists, designers and organizers of TEDx talks.

This chapter was partially published in the Journal Plos One on November 10, 2015 [81].

4.1 Introduction

\Leaving hopes and utopias apart, probably the most lucid ever written about
language are the following words by Chesterton: He knows that there are in
the soul tints more bewildering, more numberless, and more nameless than the
colours of an autumn forest... Yet he seriously believes that these things can
every one of them, in all their tones and semitones, in all their blends and
unions, be accurately represented by an arbitrary system of grunts and squeals.
He believes that an ordinary civilized stockbroker can really produce out of this
own inside noises which denote all the mysteries of memory and all the agonies
of desire."

Jorge Luis Borges (The analytical language of John Wilkins)

Chinese whispers, also known as broken telephone, is a game in which a message is
passed through a line of people. The last player announces the message which is often very
different from the one that was uttered by the first. The game illustrates how different
sources of noise accumulate, contaminating verbal communication.

35
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However, even in the absence of noise, language poses a structural limitation in human
communication. As expressed by JL Borges in the quote above, inner concepts are much
richer than the words that describe them. Moreover, the same words often construct very
distinct mental representations in different individuals. This is, of course, an essential
problem of pedagogy: how to faithfully communicate concepts using words.

Here we designed a game inspired in Chinese Whispers, to investigate which attributes
of a description affect its capacity to faithfully convey an image. This is a two player
game: an emitter and a receiver. The emitter was shown a simple geometric figure and
was asked to describe it in words. He was informed that this description would be passed
to the receiver who had to replicate the drawing form this description.

Participants ranked different stages of the communication process: 1) the quality of
the description of the geometric figure produced by the emitter (“Description score”), 2)
the quality of the drawing produced by the receiver given the description that he obtained,
(“Drawing score”), 3) the visual similarity of the original figure and the resulting drawing
(“Communication score”). In addition, participants ranked five different aspects of each
description: 1) Its coherence, 2) Whether it was procedural or not, 3) Its creativity 4)
Whether it had mathematical content (mainly geometry and number concepts) and 5)
Whether it used of metaphors.

Our aim is to investigate which of these aspects of the description predict its capacity
to faithfully convey a message. Danielle McNamara and collaborators have shown that
text comprehension is mostly determined by its cohesion [91]. Hence our first driving
hypothesis is that the degree of coherence –which is a main factor driving cohesion– should
be a very strong indicator of the communication score of a description.

Instead, our current knowledge does not make clear predictions on whether using more
mathematical terms or procedural descriptions should be more effective to convey a geo-
metric image. Since children from a young age have well developed intuitions of number,
shape and other geometric features [36, 123], one can argue that using mathematical
concepts may capitalize on an intuitive description system. Similarly, some pedagogical
traditions have placed a strong emphasis in the description of procedures (for instance in-
clined to use logo like programming in school) [55]. Here we can settle empirically whether
descriptions are more effective when weighted towards procedural terms (i.e. first go to
the left corner, then draw a straight line...) or containing more mathematical concepts (it
is a symmetric triangle, with a square on top) .

Finally, there is a growing belief in the general public that creativity [75], and to a lesser
degree the use of metaphors, is a fundamental aspect of effective human communication.
Here we examine this in a quantitative manner to investigate whether –for this narrow
class of human communication– the perceived creativity of a description correlates with
the success to effectively communicate a message.

4.2 Methods and procedures

This experiment was based in an Android app. The subjects downloaded the app.

They signed a consent to allow us to use the collected data for research. The procedures
of the experiments described here were approved by the ethics committee of CEMIC
(Centro de Educación Médica e Investigaciones Cĺınicas Norberto Quirno).

The experiment has 3 stages: 1) writing, 2) drawing and 3) rating. Each stage has a
written explanation before the subject begins.



4.2. Methods and procedures 37

Family 1 Family 2 Family 3 Family 4

a) Figures b) Flow graph

c) Scores

Fig. 4.1: Flow graph of the game. The panel a) shows a different possible flowgraphs. Starting
with a real image example, from this image, many different subjects created different
written descriptions, with one of these as instruction, other distinct subjects drew different
pictures. Panel b) shows the three differents scores: 1) Communication Score: visual
similarity among an image and a drawn picture. 2) Description Score: the quality of the
written text as instruction to replay the image 3) Draw Score: the power of the explanation
for the written description concerning the drawn picture. Beside these scores, the subjects
rated written text Speech properties.

In the writing stage, the subject has the role of emitter, receiving a randomly assigned
image (there are 4 different categories with 4 different images, see Appendix A.4) and
writing a text to let another person replicate this picture later.

After writing, the second stage is the description. Here the subject receives a descrip-
tion produced by another participant. This text was randomly selected with the constraint
that was created describing an image of a different category. The subject reads the in-
structions and then draws in a white canvas. The only two possible actions are drawing
with black or erasing (drawing with white).

Finally in the last stage, the subjects rate the different parts of the process:

� Description score: they receive a picture and a description and rate the quality of
the text.

� Drawing score: they receive a description and a drawing and rate the quality of the
production.

� Communication score: they receive a picture and a drawing and rate the visual
similarity of both elements.

Participants also rate description in different dimensions:
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� Coherence. A description is very coherent when it makes sense and is well formed,
allowing fluent reading.

� Procedural. A description is procedural if it explicitly presents the steps to get the
result. In contrast, a description is not procedural when it does not present steps
but a description of how it looks.

� Creativity. A description is creative when it relies on an original idea to describe
the image.

� Mathematical. A description is very mathematical or geometrical when it includes
terms of these areas.

� Metaphors. A description is very metaphorical when uses a different semantic con-
text as resources for explanation.

In contrast to the description and drawing stages where subjects could only do these
stages once, the rate stage could be completed as many times as the subject want. It
seems like participants were engaged with this last stage: from the 800 subjects we got
near 12.000 rates of the process and 3.500 rates of the dimensions of the descriptions.

To get a large amount of participants we capitalized on the TEDxperiment group in
2013. In the same year this group ran a live experiment in the TEDx Talks in human
verbal communication [83].

4.2.1 The app

The app was developed in collaboration with the Grupo de Computación Movil (Departa-
mento de Computación - FCEN-UBA). The original idea was tested many times using a
paper version (in Appendix A.4 the material for the paper based is shown). This version
was used as a game, and it glimpses the opportunity of characterize the communication
process.

To scale-up an app was needed, and a non-bias qualification system was also required
to have an accurate result. With the crowdsourcing idea, the app was designed with four
stages to define the flow:

1. Login: the user has to accept to participate in the experiment and fill age, gender
and occupation.

2. Write: user writes down the instruction

3. Draw: user draws according to the instruction of other participants

4. Assess: user assess different aspects of the process as explained before. This is the
only one stage that can be done as many times as the user wants.

An schema of the flow can be observed in Fig. 4.2.
The aesthetics of the app was done by an external graphic design studio. Mockups are

included in the Appendix A.4.
Unfortunately only an Android app was developed. There is no iOS, BlackBerry or

Windows mobile version.
The data was registered by a web server hosted in the Departamento de Computación.

The server was developed using Linux, PHP and MySQL (a schema of the database is
included in the Appendix A.4).
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Fig. 4.2: app flow.

4.3 Results

Using a cell-phone app provides information about access to the application and usage.
In Fig. 4.3 a summary of the access to the Play Store page is shown. This information

can be use to understand who are the members of the population that are using the app
(Platform, Browser, Country) and how do they get to this page (mostly from a mailing
list 57.3%, then Facebook 9.5% and Twitter 6.8%).

Fig. 4.3: Analytics from the Play Store access.

The second interesting result is the life cycle of the app which can be measure as the
amount of users (or new users) by day. Three important moments are easily identify:

1. The midnight of 16th of September 2013: where the first massive email invited users
to participate in the experiment

2. The TEDxŔıodelaPlata event (September 28th), previous day are boosted by the
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email remainder

3. The TEDxRosario event (October 9th), boosted as previous one but with a smaller
population

This data is summarized in Fig. 4.4.
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Fig. 4.4: New users register into the app day by day. The red line represent the total of users
registered until each day. Three events are marked: first email invitation to join the app,
and the two events who promoted the app.

In the Appendix A.4, Fig. A.12, A.13, A.14 and, A.15.

4.3.1 Correlational structure of the data

Naturally, the different measures are correlated as the communication score combines the
precision of the description (Description score) and the capacity of the receiver to translate
faithfully the description into a drawing (Drawing score). Here we do not seek to dig
in detail how the description score combines from these two individual steps. Instead,
we merely confirm the natural expectation that the quality of the description is tightly
correlated to the quality of the entire communication process when the drawings are good.
To this aim, we measure the correlation between Communication score and Description
score for different values of the Drawing score. Results clearly show that the correlation
is close to zero for the worse ranked drawings and grows to values close to 1 for the best
ranked drawings (Fig. 4.5). For all subsequent analyses we filter out data with (Drawing
score � 4).

Next we investigate the correlation matrix of the five aspects of the description. This
result showed that the correlation matrix is organized in two blocks: one corresponding
to coherence, procedural and mathematical, and the other to metaphorical and creativity
(Fig. 4.6 A). However, within these blocks there is sufficient dispersion in the data to
assure a stable simultaneous regression to these five attributes (Fig. 4.6 B).

4.3.2 Attributes affecting description and communication scores

Our main aim was to investigate which attributes of a description affect its capacity to
faithfully convey an image. To this aim we performed two independent linear regressions
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Fig. 4.6: Relation between speech properties Panel a) shows the � of Pearsons correlations
between every speech properties. Panel b) shows two example of correlation between
some speech properties

(one for Communication score and one for Description score). Both analyses showed the
same result: a highly significant effect of procedure and coherence and no effect of the
other three attributes (Table 4.1, Fig. 4.7).

Description score Communication score
� se t pval � se t pval

mathematical 0.0653 0.0668 0.9781 0.3287 -0.1220 0.0939 -1.2987 0.1949
procedural 0.3194 0.0653 4.8911 1.50�10�6 0.3508 0.0919 3.8185 0.0002
coherence 0.5046 0.0693 7.2835 1.97�10�12 0.5186 0.0975 5.3217 1.7855�10�7

metaphoric 0.0856 0.0712 1.2026 0.2299 0.1589 0.1001 1.5869 0.1134
creative -0.007 0.0784 -0.0891 0.929 -0.1280 0.1103 -1.1608 0.2465

Tab. 4.1: Linear regressions of speech properties
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Fig. 4.7: Speech properties linear regression Panel a) shows the � and the Standard error
about the Communication Score. Panel b) shows the same but about Description Score

4.4 Discussion

Here we capitalized on vast data obtained from an android app to quantify the effect of
different aspects of a description on communication precision. We show that descriptions
more effectively communicate an image when they are coherent and whey they are proce-
dural. Instead, the creativity, the use of metaphors and the use of mathematical concepts
does not affect its fidelity.

The motivation for this experiment was to construct a minimal and controlled setup
emulating variables of pedagogy amenable to quantitative analysis. This follows the strat-
egy used by Shafto and Goodman [115, 116], to inquire whether learners adapt to make
optimal inferences from the specific examples provided by teachers. Communication and
pedagogy are intrinsically related with only subtle differences [126]. Compared to a typ-
ical pedagogical situation this experiment is simplified in four critical parameters: 1) the
description is exclusively based on words (there are no gestures, prosody, ostensive indi-
cators, etc. which are known to be fundamental for pedagogy [24, 44]. 2) There is no
dialog or conversation, and hence no online feedback or opportunity to correct errors dur-
ing the pedagogical process. Instead our setup builds on a one way message, resembling
or modeling of an expository lecture. 3) The concept to convey is simplified to a simple
geometric figure instead of a more elaborated concepts. Thus we propose this as a model
of an extremely eroded and simplified version of a minimal pedagogical dialog. The great
advantage of this design is that we can replicate many instances of the same pedagogic
process and hence inquire which aspects of the message are relevant for the success of the
pedagogical experience.

The observation that, when filtered for good drawings, the communication and descrip-
tion scores are highly correlated indicate that participants have a good understanding of
what constitutes an effective description. This finding is not trivial since students often
rely in heuristics to evaluate the effectiveness of a lecture, leads to misconceptions of the
quality of a class. For instance, in the well known “Dr. Fox effect” students rely on
teacher expressiveness (often more than on its content) to provide teacher ratings [94]. In
our study we reasoned that judges may believe that creative or metaphoric explanations
would be more effective than they are in reality. This hypothesis was rejected by showing
that participants understand that coherence and procedural content are the most effective
aspects of a description and that, conversely, highly creative or highly metaphoric de-
scriptions are not very likely to be effective. It is important to mention that in our game
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communication was considered effective when the resulting drawing replicated accurately
the original image. In other pedagogical contexts where the goal may not be to optimize
the precision of the communicated message, the results are expected to change.
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Resumen en español

Experimento de crowdsourcing : transmitiendo una imagen a través
de texto

El aprendizaje a través de Internet se ha vuelto popular en los últimos años.
Los MOOC (Massively Open On-line Courses) son un ejemplo de esta nueva
metodoloǵıa de enseñanza-aprendizaje. Esta nueva modalidad educativa plantea
nuevos desaf́ıos: cómo prevenir la deserción, de qué forma lograr la eficiencia del
aprendizaje, cuáles son las mejores maneras de incentivar la participación, entre
otras. Algunas de las caracteŕısticas de estos nuevos entornos son las menores
oportunidades de interacción directa con los profesores, la necesidad de contar
con correcciones automatizadas de las tareas y la participación de estudiantes
que realizan los cursos con su propia dinámica.

Partiendo de estas consideraciones, en el presente caṕıtulo analizamos el modo en
que se produce una explicación escrita para trasmitir a otro una idea. Esta es una
cuestión clave en los entornos digitales que, como ya mencionamos, no cuentan
con la posibilidad de interacción cara a cara. Las siguientes preguntas orientan el
análisis que presentamos: ¿qué tan buenas (o malas) pueden ser las explicaciones
en formato de textos producidas por usuarios de entornos digitales?, y ¿de qué
modo estas explicaciones son interpretadas por otros usuarios y cuán efectivas
son éstas para la trasmisión de un concepto geométrico?

Para responder estos interrogantes, desarrollamos una aplicación para teléfonos
móviles en la que los participantes teńıan que escribir un texto destinado a que
otro reconstruya una figura geométrica simple. Luego de esta primera reconstruc-
ción, la persona deb́ıa repetir el procedimiento a partir de una nueva explicación
propuesta por un usuario diferente. Finalmente, se le ped́ıa que evalúe las figuras
realizadas por otros participantes. Esta aplicación, especialmente desarrollada,
nos permitió recopilar los datos de las personas que la utilizaron para luego
analizarlos.

La principal contribución de este estudio es la medición de los ĺımites de la comu-
nicación de conceptos geométricos a través de la escritura, realizada mediante el
uso de TICs. Por otra parte, la implementación de una experimento digitalizado
a gran escala utilizando crowdsourcing y gami�cation. Del análisis de los datos
surge que algunas de las estrategias para la descripción utilizadas por los usuarios
fueron efectivas en la transmisión del mensaje, mientras que otras no funciona-
ron en absoluto. Los estilos elegidos para componer las descripciones afectan
la efectividad de la transmisión del mensaje, siendo la descripción algoŕıtmica
el que dio mejores resultados, en cambio, las metáforas y la creatividad en las
descripciones no produjeron el efecto deseado, es decir la transmisión fiel de la
figura mediante el mensaje

A modo de conclusión, afirmamos la necesidad de presentar especial atención a
la selección de las estrategias para la comunicación de las tareas y consignas, al
momento de incorporar nuevas tecnoloǵıas en los procesos educativos.



5. MATE MAROTE

Fijate de que lado de la mecha te encontr�as.
{Patricio Rey y sus Redonditos de Ricota

The Mate Marote project was created in 2008, designed as a cognitive training inter-
vention tool based on video games. Along the years, it had many editions. There were
pilots in the lab; later, there was an experience in a primary school where transfer from
executive functions training to language and maths exams results was observed [43]; and
finally an unsupervised version was deploy in La Rioja –using the One Laptop per Child
(OLPC) platform– where the same behavior of game playing from previous schools was
observed in children without tutor observation [82].

All these projects were developed by researchers attending to schools during the inter-
vention and, thus, had problems to scale-up. In order to get a robust software which could
scale-up to bigger interventions, a leader software factory was hired to address technical
high performance issues, funded by a grant from Argentina’s government. This Chapter is
the report of this University-Industry interaction. The actors involved were programmers,
scrum masters and, public agencies agents (Ministerio de Ciencia, Tecnoloǵıa e Innovación
Productiva and Fundación Sadosky).

This chapter was partially published in the 8 Jornadas de Vinculacion Universidad-
Industria in the 43 JAIIO [121].

5.1 Introduction

Argentina is living a unique opportunity where a great amount of primary and secondary
school students have their own laptop, as mentioned in the Chapter 1.

Concurrently, the advances in educational neuroscience have shown that research in
cognitive neuroscience and behavioral methods – which investigate the development of
mental representations – may help to improve different teaching approaches [103, 110].
Moreover, many initiatives introduce games as a strategy to stimulate learning in children
by increasing motivation [76, 109, 47, 12, 33, 43].

Mate Marote is a flexible framework consisting of educational games and activities [82].
This tool was specially designed to implement interventions, allowing to measure the
improvement of users while using the activities. Based on a pilot implementation in La
Rioja province, Mate Marote was able to manage a few hundreds of registered users using
the platform.

One of the motivations of developing Mate Marote was the absence of a free, unre-
stricted and open source tool for cognitive assessment and training. The scientific com-
munity used to pay licenses of private products to evaluate subjects, such as: E-Prime
(Psychology Software Tools, Inc) and Wechsler Intelligence Scale for Children (WISC-V,
Pearson Education, Inc. - PsychCorp).

In this digital era, where a significant fraction of students and teachers have their own
laptops, Argentina is not alone. Worldwide initiatives are being implemented, delivering
low-cost laptops to every primary and secondary school student, for example adopting the
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One Laptop Per Child program (OLPC). Only in Uruguay, the CEIBAL program, provides
the whole population of elementary and secondary schools – some 400,000 children and
their teachers – with the same digital platform.

This new social phenomenon has the potential of making a profound change in the
education of millions of children around the world. With the goal of re-implementing
Mate Marote for massive scale interventions, University of Buenos Aires joined industry
experts in architecture and scalable systems of EPIDATA to create a new partnership
that may upgrade Mate Marote to the Big Data era. In this article, we describe the
collaboration program started.

5.2 Previous Work

Pilot interventions of Mate Marote were successful in terms of educational issues, but did
not scale well in technological aspects. Based on these results, a proposal of upscaling the
system was presented to the Ministerio de Ciencia, Tecnoloǵıa e Innovación Productiva
(MinCyT). The main goal was to get the investment to re-development of the Mate Marote
platform in order to be able to support millions of users.

The MinCyT accepted the proposal and forwarded it to the Fundación Dr. Manuel
Sadosky (FS), which is a mixed (public / private) institution whose goal is to promote
stronger and closer interaction between Industry and the scientific-technological system.
Mate Marote research team and FS discussed the requirements needed for the upscaling
of framework, and thus FS launched an open call for companies to develop the upgrade of
the platform.

The company Epidata was the winner of the call. Epidata is an Argentinian company,
which provides software development and maintenance services focused on: software ar-
chitecture, agile methodologies, and open source technologies. Epidata has also a proven
track record working on research and development projects along with several research
departments in latin-america.

The software project management was based on the iterative and incremental agile
software development framework Scrum, coordinated by a project leader offered by Epi-
data. The Scrum schedule was designed in ten-working-days sprints, with the review and
planning meetings on the same day (after last day of current sprint and before the next
sprint starts). The review meeting consisted of reviewing planned issues developed, where
researchers had to analyze and eventually approve each individual issue. On the other
hand, the planning meeting consisted of defining the issues to be developed during the
next sprint, consensual by researches and developing team.

The development time was divided in two big sub-projects with equal dedication: the
backend, which consists in a web server with resources and services; and the frontend,
which consists on games and graphical resources.

5.3 Requirements

Due to previous experience some key aspects had to be faced with special attention. A
list of these important issues were:

� API multimedia resources
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{ Image: the games can use their own images or choose from the system some of
this resources. i.e. characters, objects, landscapes, buttons, images with text
in a certain language

{ Sound: as in the image, each game should be able to include its own sounds (i.e.
a character voice, an special sound) or to use system sounds (i.e. background
sounds, laughs, cheers, animal sounds).

{ Text: same as before.

{ Other resources: other items should be standardized and available to use in
the games, such as: a level pointer (to show how far the child has advanced), a
timer and a chronometer with a attractive representation, feedback for different
trial results (a colored shadow, a character with a gesture), lives (maybe hearts,
or mini-characters), awards.

� API state:

{ The games must be able to save and load easily the state to be able to recover
if the session stops, or in checkpoint situations where the if the child makes a
mistake the game restarts from that point.

{ The game must be able to save and load user personalization, such as avatar,
selected character, favorite color, lives collected.

� API logging

{ The game must be able to store in a easy manner events of the game, infor-
mation of the current state, and behavior. This information must include a
timestamp and the play logged must be reconstructed from the collected logs.

� API gamification

{ The game must be able to use global rules for prizes, such as “the amount of
lives needed at the end of the game to receive a medal is 3”, or checkpoints,
such as “every three trials there is a checkpoint”.

{ The system must be able to control the game to allow its use under certain
conditions. i.e. a game can only be played 20 minutes a day, a game can only
be played in the afternoon, a game can not be used during weekends.

{ Tutorials and instructions, the system must provide flexible tools to implement
animated tutorials, videos or text instructions under certain conditions, i.e. at
the beginning, before certain trial, after a number of mistakes.

{ The games should include the characters of the system (actually a boy, a girl
or a cat, but new characters will be included) and provide skins related to the
character for aesthetics.

� Regionalization

{ The system must support multi-language configuration.

{ The system must support a multi-site configuration, different web address will
go to the same system, but the content showed must be personalized for each
site.
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All these requirements allowed to build the initial backlog presented in the appendix
(see section A.6).

5.4 Results of the first 6 months

This University-Industry interaction had as a first result documents where the games
included in Mate Marote where formalized. This documents can be found in appendix
A.5.

After 6 months of project execution, we completed 11 sprints where we had achieved,
in this first stage, over 75% of backend development and the frontend for players. Five
games were implemented on testing phase, with even more games and new features to
develop in future stages. The development included more than 7,000 lines of code with
over 95% of acceptance rules based on Sonar1, with 86% of successful integrations based
on Jenkins statistics2.

The team consisted of three game-design, web-development and backend professionals
who have so far spent about 2,500 hours of development. This number did not include
the time spent in analysis, design, UI, testing and management that was done by different
professionals in these areas, who helped to carry out the project and contributed their
ideas and knowledge to reach the stated goal.

At the beginning researchers as product owners, developers and the Scrum Master did
a planning meeting where priorities were defined and story points were assigned to each
story that could be included in the next sprint. After that, according to the priorities, the
candidate stories and the team work capacity (measured in story points per sprint), stories
were selected to be done. Finally, with the revision and the approval of this selection by
the product owners the sprint scope was defined.

During the sprint, stories were implemented following the specifications. The existed
fluid contact between the developer team and product owners was important to clear up
doubts and avoid rework. When a story, or part of a story, was completed the functionality
was deployed in a testing environment to make an appropriate quality control check. If
there was a bug, or something does not have the desired behavior the developers received
feedback of the problem to solve it. If everything worked as expected the story was marked
as done and ready to be checked at the end meeting.

At the end of the sprint there was a review meeting where the developer team showed
project progress and stories implementation. The product owners approved, or disap-
proved, the implementation of the stories included in the sprint according to criteria of
approval defined in each story. As a result of the product owner revision, the backlog
was updated. Finally, a retrospective meeting was done where teams discussed the ups
and downs of this sprint and they defined, if necessary, new work patterns to improve
productivity, such as how many story points can be done in a sprint. After all this, a new
planning meeting was done in order to start the next sprint.

Gained experience sprint to sprint, the use of this methodology had impact in the
team production which raised the accuracy of estimating development times, improved
the quality of the product and overall productivity.

1 Sonar is an open source platform for continuous inspection of code quality to perform automatic
reviews with static analysis of code to detect bugs, code smells and security vulnerabilities

2 Jenkins is an open source automation server written in Java. It helps to automate the non-human
part of software development process, with continuous integration and facilitating technical aspects of
continuous delivery.
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One of the remarkable facts of the scrum methodology is that at the end of each
ten-working-days sprints a working software is delivered to the product owners which is
incremented every sprint. This give the opportunity to show, use and test the project
progress without unwanted detours.

We had finished programming almost the complete backend, including the admin inter-
face that enables the creation of intervention programs (see a screenshot of admin interface
in Fig. 5.1) and also the front end was nearly finished, (preliminary gameflow design where
games are selected is shown in Fig 5.2a and a screenshot of the game Tower of London in
Fig 5.2b).

5.5 Conclusions and Discussion

The massive availability of laptops owned by students opens up a new era in education,
combined with recent advances in educational neuroscience. Argentina is leading this
route with the one-to-one educational programs all over the country. Mate Marote has
rised as a platform with educational games and activities, taking advantage of this new
reality. However, pilot interventions were deployed in reduced scale scenarios.

Recent creation of Fundación Sadosky, has favored the collaboration between indus-
try and academia in projects involving novel methods and ideas with big scale software
platforms which require experience in architecture and high-end software development.
The collaboration established showed exceptional conditions for the mutual benefit: the
incorporation of academic research in educational neuroscience in the industry and the
transference of well-established methodology and software development experience in the
academic environment.

Moreover, the Scrum methodology adopted for the requirement definition was par-
ticularly successful as both sides dominated the technique. This particular (uncommon)
situation helped the rapid development of the platform, with elevated scaling and the
inclusion of several new games.

One of the biggest benefits for the industry side of this experience, i.e. Epidata,
was the incorporation of state-of-the-art knowledge about educational games based on
neuroscientific studies. Additionally, this kind of projects help reducing costs in I+D+i,
while it harvests prestige because of linking with University.

From University’s point of view, the development methodology introduced by industry
and the short-term implementation times are very valuable, mostly due to its human
resources with full-time dedication to the project. However, some disadvantages were
observed, specially in the specific objectives of the platform and the quality-quantity
tradeoff.

Government presence, through Fundacion Sadosky, facilitated the link between Univer-
sity and Industry, with the grant policy and acting as supervisor in the University-Industry
link, towards the success of the project. This experience suggests that strategy adopted
in this University-Industry interaction is advisable for the execution of future project of
this kind.
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Fig. 5.1: Backend screenshot of Mate Marote new implementation. In this screenshot is shown the
new tool designed by Epidata to elaborate interventions.

Fig. 5.2: Frontend screenshot of Mate Marote new implementation. In the left panel the Gameflow
that the user will play is show, and in the right panel the game Tower of London is
exhibited.

Resumen en español

Mate Marote

El proyecto Mate Marote fue creado en el año 2008 e ideado como una herramien-
ta de intervención cognitiva basada en videojuegos. A lo largo de los años, tuvo
varias ediciones. Primero, versiones piloto en el laboratorio; tiempo más tarde,
se realizaron experiencias en escuelas primarias, donde los resultados mostraron
que se transfiere el entrenamiento de las funciones ejecutivas a las notas de len-
gua y matemáticas [43]. Por último se realizó una prueba sin supervisión en La
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Rioja, utilizando la plataforma One Laptop per Child (OLPC), donde se observó
que los niños, jugando de manera no-supervisada en su tiempo libre, teńıan el
mismo comportamiento que el observado en las escuelas anteriores [82].

Todos estos proyectos fueron desarrollados por investigadores que deb́ıan asistir
a las escuelas durante las intervenciones. Esto limitaba la posibilidad de imple-
mentación a mayor escala. Por ello, fue necesario cambiar la estrategia, mediante
el desarrollo de un software robusto que pudiera ampliarse a intervenciones más
grandes. Este trabajo se realizó mediante la contratación de una empresa ĺıder en
desarrollo de software que abordó los problemas técnicos de la alta performan-
ce. Esta etapa del proyecto fue financiada por un subsidio del gobierno nacional
argentino.

El caṕıtulo contiene la descripción de la interacción universidad-industria e in-
cluye la documentación generada para el desarrollo de la aplicación, los juegos
utilizados y las reglas de configuración de esta nueva plataforma.
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6. CHANGE OF MIND

El lujo es vulgaridad... dijo... y me conquisto...
{Patricio Rey y sus Redonditos de Ricota

How children learn to solve a specific task? And how do they actually solve it? These
questions can be labeled as an effort of reverse engineering the mind (i.e. understanding
human learning and inference).

In this chapter we analyze children interactions with a video game to address this
question. The video game is the digital version of a traditional board planning task.

The study explores how children learn under two conditions: learning from an adult
and learning from a peer, in children from 6- to 10-years-old. We focus in how children
identify their own mistakes and fix them (or not).

The video game stands on shoulders of Mate Marote platform detailed in Chapter 5.
It was possible due to the joint effort of programmers, biologists, computer scientists,
physicists, teachers and principals of a primary school.

The content of this chapter is currently in preparation to be submitted to an interna-
tional journal.

6.1 Introduction

A child is playing with an assembling toy following instructions to build a car. When she
finishes putting together all the pieces, she discovers a problem: one of the wheels was
connected over the hood and, consequently, the car was not working. Despite having a
great time, the outcome was not the one she expected. What should she do next? The
child had to make an important decision: decide whether the car was correctly done or not.
Even when we follow predefined instructions, outcomes may not be the ones we waited
for. Following instructions can be sometimes tricky. What happens when instructions to
follow are self-designed?

Observing humans behavior while working on difficult problems (but not unsolvable
for them) may reveal certain broad characteristics of problem-solving [119]. In reasoning
problems, the solver must find the solution to situations by herself, integrating available
information in the best way. If the information available is complex, the accuracy may be
affected [23]. The lack of capacity to build complete and correct solutions in the first shoot
may lead to changes of mind, specially when the initial chosen actions were erroneous [107].

Decision-making has been studied in relying on binary choices by the Two-Alternative
Forced-Choice paradigm. In addition, for simplicity, in the vast majority of the experi-
ments, the decision variable is a single scalar (for example the luminosity of each patch,
the number of dots in a number comparison task or the pitch in an auditory discrimination
task).

This paradigm has a great benefit for computational and theoretical understanding
of decision making. It can be fully expressed in a set of equations which have analytic
solution [42]. Also, the functional dependence of behavioral observables such as response
times, error rates or confidence can be described in detail by low dimensional models (e.g.
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[104, 13, 129, 42]). While models differ, they almost always rely on a stochastic search
process, in which the accumulation of the evidence is integrated over time, and whose
crossing of a boundary represents the event of reaching a conclusion or making a decision
[10].

Fluid reasoning –capacity to think logically and solve problems in novel situations,
independent of acquired knowledge– changes over the childhood, affecting these decision
processes [37]. Speed can be related to fluid reasoning: the better the player the faster
she plays; or to lack of inhibitory control: the player plays quickly without an exhaus-
tive analysis of the current state–inhibitory control is of particular relevance to cognitive
development and processing capacity [108, 136]–.

The present work aims to measure the ability of change of mind in children from 6- to
10-years-old in the most ecological environment possible. For this purpose the study was
developed in an elementary school, at the computers lab of school.

This study takes advantage of the motivation of playing video games, in this case
implementing a reasoning-integration task. The information presented may lead them
to wrong plans which they may fix. We analyze how schoolers – from 6- to 10-year-old
children– solve puzzles, focusing in the decisions they take.

The game simulates a situation where the child arranges chocolates in boxes in a candy
shop. To be attractive each new box has different requirements of assortments (i.e. all
the dark chocolate in the left, and all the rounded chocolates in the right). The solution
of each puzzle is unique.

The population was composed by 6- to 10-year-old children split in two groups: the
first one learn the game from a researcher and, the second group learn the game from
another child of the first group.

The present study inquires about three working hypothesis:

H1. the ability of changing the plan is affected by the age of the child, younger children
are less likely to change,

H2. the ability of changing the plan is affected by who taught the game rules, those who
received instruction from a peer will be more likely to rearrange the plan and,

H3. the slower the participant plays, the more likely to fix the wrong situation.

6.2 Materials and Methods

The subjects of the present work were 143 students (77 females) from a high socioeconomic
status primary school from first to fourth grade –6- to 10-years old (mean age: 101:295�
14:108 months from 75 to 129 months)–. This study splits the population in two groups:
the younger one, which includes first and second graders (n=61, 32 females, mean age:
87:733� 7:834 months from 75 to 101); and the older one, which includes third and forth
graders (n=82, 45 females, mean age: 111:219� 8:113 months, from 94 to 129 months).

The hole population was also split in two groups across grades: one which learned
the rules of the game from an adult; and one which learned from a child from the first
group (peer teaching). All the subjects played 3 sessions of 15 minutes of different trials
of Chocolate Fix in different day of the same week. The first group played first, then they
taught the second group, which played the session afterwards.

Studies were conducted in a school of Argentina during Sep-Oct 2014. All children’s
parents or legal guardians gave signed voluntary consent. The consent form, presented
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to the caregivers was previously authorized by an Ethical Committee: Comité de Ética
de la Dirección de Investigación del Centro de Educación Médica e Investigación Cĺınica
(CEMIC) “Norberto Quirno”, Unidad Asociada del CONICET (Protocolo Nro. 683).

Chocolate Fix is a board game of the company Think Fun1 where the player works
in a candy shop completing orders from customers who request different assortment of
chocolates (for extra details on Chocolate Fix, see Chapter 2, Section 2.2).

This game has a story: the player works in a Candy shop where customers have strange
wishes for their box of chocolates. Each tray has to be filled is a 3 by 3 grid, and it will
contains always the same 9 chocolates arranged in some way. The chocolates are all the
combinations between 3 flavors (chocolate, strawberry and vanilla) and a shape (circle,
square and triangle).

Each trial has a unique solution which consists in filling the tray with an assortment
of all the nine chocolates that accomplish every customer requirement. The requirement
is presented as one or more fragments –hereinafter referred as cues– of the tray where
each position could be: a piece, an attribute of a piece (flavor or shape) or an empty spot.
A cue is consider accomplished if it can be place over the board in a position where the
pieces match with the information of the cue. i.e. over a strawberry triangle chocolate a
cue can either have the same piece, a triangle shape, a strawberry flavor sign, or an empty
spot to consider a match. A cue cannot be rotated, but it can be placed in any place of
the tray. E.g. a 2 by 2 cue has 4 possible positions in the board, a 3 by 2 cue only 2, and
a 3 by 3 cue has a unique position.

To win the participant must fill the tray and press the “Check” button to check the
solution.

This study uses a digital version of Chocolate Fix (see Fig. 6.1) running in the web-
based framework for interventions Mate Marote [82].

The present work aims to test what players would do when a puzzle presented to them
includes some distractors and tricks which interfere with a straight forward plan to solve
the puzzle. With this in mind, trials were designed with the following features:

� The tray starts partially filled with 7 pieces (participants can only move two pieces).

� One of the sides of the tray has the 2 empty spots that are adjacent.

� There is only one cue. It only has two spots with information: one with a features
of shape and one with a feature of color. The information of the cue fits visually
in the empty spots of the tray, but it also fits overlapping it with the piece already
placed in the same side. The cue fits in 2 positions in the empty board (overlap with
already placed piece or match visual shape).

� 2 pieces are missing: the cued piece–which shares the shape and the color with the
cue– and the uncued piece –which does not share neither shape nor color with the
information of the cue–.

� To solve the board, placing both missing pieces, the cue must be accomplished
overlapping with the piece already in the board, in the same side of the empty spots.
This piece shares a feature with the cued one. The uncued piece must be place by
discard, because there is no information present about it is final position.

1 Used with the permission of Mark Engelberg and Bill Richie.
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Fig. 6.1 shows an example of a puzzle: the cued piece –pink circle– and the uncued
–dark square– must be placed in the tray. The cue has the two features of the cued piece:
a pink spot and circle shape. On the board a pink square is placed in the bottom right
place. To solve the puzzle the cued piece must be place in the mid-right spot, next to
the pink square. Meanwhile the uncued one must be placed in the remaining place, the
top-right of the board.

Fig. 6.1: Screenshot of the video game. The player wins the trial when the tray (top right side
of the screen) –which in this example is partially filled– is completed with the remaining
pieces (bottom of the screen) with the constrain of the cues showed (top left side of the
screen). Placing the pink circle in the middle right spot and the brown square in the top
right spot of the tray is the unique solution to this puzzle. The cue is accomplished in
the bottom of the tray, where the circle cue is satisfied by the pink circle, and the pink
cue with the pink square.

The present work includes data from 5 different trials with the characteristics men-
tioned before. Each child played all the 5 trials exactly one time, collecting 611 completed
trials and 2947 events which consisted of: beginning of the trial, when a piece is placed or
removed and when the player press check. There was no constrain of time per trial.

In the results section, the population was splitted according to the working hypoth-
esis. The significance levels were reported taking to account corresponding Bonferroni
corrections for multiple comparisons.

6.3 Results

When solving reasoning-integration tasks children may (or may not) change their plan
when they reach a wrong partial solution. This ability of replaning the solution may be
affected by different aspects. As mentioned in the introduction we pose 3 hypothesis: the
age (H1), the one who taught (H2) and the speed (H3) influenced on the change of plan
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ability.

In the current task the designed trials have only two missing pieces. Thus, a change
of plan can be observed if after placing the first piece, instead of placing the remaining
one to fill all the tray, the player changes the position (or just removes) the recently used
piece.

The first movement could be done with any of the two pieces: the one that includes
both features in the cue and the one that do not share any features with the cue. Since
most of the trials first placed piece is the cued one (88.21% - 539 of 611), this work is
focused on the possibility of changing the plan after this first move.

There are 2 possible positions where the cued piece can be placed: one is correct and
the other is incorrect. Afterwards there are only two possible actions in order to fill the
tray: keep going with the plan (and fill the remaining spot) or change the plan (removing
or changing the recently placed piece). In Fig. 6.2 all the possible assortments of the
tray are showed (the initial board in the top and complete trays in the bottom). Arrows
represent change in the assortments product of placing or removing one piece. From the
two possible boards that only include the cued piece (PC), solid black arrows represent
the change of plan, solid gray arrows represent keeping the plan under both conditions:
first move correct and first move incorrect.

Statistical analysis confirmed that players whom played correctly the cued piece are
less likely to change their plan (8.13%, 27 of 331) than the ones whom played it incorrectly
(17.56%, 36 of 205) p = 1:397E � 03, two-sided Fisher’s exact test - Fig. 6.3. Three trials
were excluded because the participant checked the solution without placing the second
piece.

Next, we explore the profiles of the participants to characterize which features influ-
ences their change of mind.

Does age determine the capacity of changing the plan? Data showed statistical dif-
ference among the group of older children: those who played correctly the first piece are
less likely to change their plan than the ones whom played it incorrectly p = 1:068E � 03
two-sided Fisher’s exact test. Meanwhile, younger children did not show any difference
between the group who place the first piece correct against those who place it incorrectly,
p = 4:197E � 01 two-sided Fisher’s exact test (Fig. 6.4).

As explained in Materials and Methods, there were two group: a group who was taught
by an adult, and a second group who children learned from a child of the first group. Does
be taught by an adult promotes a better ability to change a plan? Data showed difference
only in one of the two groups: those who learned from a peer p = 2:044E � 03 two-sided
Fisher’s exact test. Meanwhile, the group who learned from an adult p = 1:492E � 01
two-sided Fisher’s exact test (Fig. 6.5).

Repeating the analysis but with the population split with two conditions: by grade
groups and by the way each child learned, an statistical difference among conditions is
only observed in the older children who learned from a peer: p = 1:673E � 03 two-sided
Fisher’s exact test (Table 6.1).

Learn from adult Learn from peer

1st and 2nd grade 7.258E-01 4.230E-01
3rd and 4th grade 1.407E-01 1.673E-03

Tab. 6.1: Two-sided Fisher’s exact test for subset of the population by grade group
and by who taught them to play.
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Fig. 6.2: The space problem. The top square represents the initial board with the empty spots
in light gray, and filled spots in dark gray. The first row show boards where only one
piece was added (Pc is the piece whit the attributes of the cue, Pu is the piece with no
attributes in the cue). The third row has the two possible filled boards, the incorrect one
(left side) and the correct one (right side). Each arrow represent a change in the board
by adding, moving or removing a piece. The solid black arrows represent the situation of
“change of plan”, the solid gray the “continue with the plan” situation and the dashed
gray arrows are movements not considered in this analysis. The present work focus on
the movement after placing the cued piece (Pc), i.e. transition from the two boards of
the middle of the figure.

Later on, this work presents results only of the group of children who learned from a
peer.

Is there a characteristic of the players which influences this observed effect? Players
move pieces at different speed. Can the speed of a player explain if there will be a change
of plan or not? Speed can be related to fluid reasoning: the better the player the faster
she plays; or to lack of inhibitory control: the player plays quickly without an exhaustive
analysis of the current state.

First, we verified if response times were similar across grades. Data showed that
older players play faster than younger ones. This was confirmed with a one-way ANOVA,
which showed a significant effect of Grade on Response Time (F (3; 139) = 6:674; p =
3:044E�04). Since the speed distribution is not constant among participants over grades,
the population was split in groups related to their mean move time within their grades:
fast, regular and slow players (see Fig. 6.6). For each grade, the population was divided
by their speed into fifths. The 2 quickest groups were tagged as fast players and the 2
slowest groups were tagged as slow players.
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Fig. 6.3: Change of plan. We analyze what happened after the first move when Pc was placed,
if the player kept filling the board (bold gray arrows, see Fig. 6.2) or if she changed her
mind (black bold arrows), finding an statistical significant difference between the players
whom placed it correctly against the players whom place it incorrectly (p = 1:397E � 03
two-sided Fisher’s exact test). Players whom placed incorrectly the cued piece were more
likely to change their original plan (i.e. fix the game).

Repeating the statistical analysis (players who played correctly the cued piece are
less likely to change their plan) within these two groups a non statistically significant
difference was observed in the fast group (p = 4:976E� 01, two-sided Fisher’s exact test).
Meanwhile, in the slow group the difference observed was significant (p = 1:452E � 03,
Fisher’s exact test - See Fig. 6.7). The slow players who place wrongly the cued piece
in their first movement are more likely to change their plan –to the correct one– than
the ones that place it correctly first. Opposite to the fast players who do not show this
difference.

Finally, this works presented collected data from 1st to 4th graders students playing a
reasoning-integration game. This behavioral data was explored in three dimensions of the
population: the participant grade, the way she learn to play (a peer or an adult) and her
speed. The data showed evidence to confirm the 3 hypothesis:

1. younger children were less likely to change their plan when they get to a wrong
position,

2. those who received instruction from a peer were more likely to rearrange the plan
and,

3. the slower participants were more likely to fix the wrong situation.
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Fig. 6.4: Di�erence of change of mind by age. If we split the population by age in two groups:
1st and 2nd grade children and 3rd and 4th grade and we analyze if in each group whether
the change of plan is possible after placing the first piece (cued piece). We find that only
in the oldest children there was a difference (p = 1:068E � 03 two-sided Fisher’s exact
test meanwhile for the youngest group p = 4:197E � 01 two-sided Fisher’s exact test).

6.4 Discussion and conclusion

Observing how children play a video game on their own is a unique opportunity to explore
their minds. In the present study we explore children behavior playing a reasoning game.
In this game, children are faced to complex trials with little tricks, which may not lead
them to the correct answer.

The first exploration showed that players who played correctly the cued piece are less
likely to change their plan than the ones who played it incorrectly. This first result suggests
that players pay attention to their play, making more likely to fix a wrong position than
displace a well-placed piece.

We explore if the ability of changing the plan is affected by the age of the child. Data
showed that younger children were less likely to change. This confirmed H1. This result
suggests that younger children have not developed the tools needed to self-asses and re-
check initiated plan. Further studies should explore which cognitive abilities are related
to this task: which are the competences involved? The study lacks of other cognitive test
of the population. This does not allow us to explore possible relations among the ability
of change of mind and the performance on cognitive tasks tests. Further studies like this,
should measure working memory, planning, temperament and self regulation (as suggested
in the literature [79, 17, 110]) to get a better understanding of the phenomenon of change
of plan observed.

Later, we explored if the ability of changing the plan is affected by who taught the
game rules. The findings showed that those who received instruction from a peer were
more likely to rearrange the plan. This confirmed H2. This result arises various possible
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Fig. 6.5: Di�erence of change of mind by who was the teacher. If we split the population
in two groups: those who learned from an adult and those who learned from a peer and
we analyze if in each group whether the change of plan is possible after placing the first
piece (cued piece). We find that only those who learned from a peer were a difference
(p = 2:044E� 03 two-sided Fisher’s exact test) meanwhile for those who learned from an
adult there was no significance difference (p = 1:492E�01 two-sided Fisher’s exact test).

Fig. 6.6: Speed labeling across grades. Students where labeled in three groups according to
their mean speed movements in relatively to students of the same grade.

explanations: a- children are better teachers than adults; b- since the peer-teacher had
the experience playing, she explained in a personalized way with an special pragmatic
view and; c- children are more attracted to learn from a peer; among others. All this
possible explanations are out of bounds of the present study. Deep understanding of these
explanation, if a- or c- are validated, would have great impact on how school learning is









7. CONCLUSION

Le das la copa al �n al vencedor, tarea �na perdida en mi soledad.
{Patricio Rey y sus Redonditos de Ricota

The world is going through one of the most important technological advances of his-
tory: the Information and Communication Technologies (ICT) are becoming part of the
everyday life, in education, work and leisure. Access to ICT has become massive in a
world wide scale. In Argentina institutional programs –Conectar Igualdad and Joaqúın V.
González (La Rioja), Plan Sarmiento (CABA)– provided computers to primary and sec-
ondary school students. Nowadays the population with access to internet is over 70% [7].

In this digitalized context many efforts emerged to promote education through ICT,
such as computerized tutors, MOOCs (Massively Open On-line Courses), Games for Learn-
ing, etc. All of them have one challenge in common: gain students’ attention and engage
them with the activities. One approach to tackle this challenge is Gamification – the ap-
plication of typical elements of game playing (e.g. point scoring, competition with others,
rules of play) to other areas of activity –, which has been proven to motivate students and
produce engagement in educational activities [76].

The inclusion of ICT in everyday life and, in particular, in schools generates lots
of human-computer interactions which can be precisely registered and analized. These
interactions can be used to explore indirectly how humans’ mind work.

To improve education strategies, understanding how students learn is needed. There
are many efforts from different perspectives in reverse engineering of the mind: analyzing
log files or click streams of software usage; the analysis of gazed elements of a visual
scene; the study cell-phone calls dynamics as large-scale networks; among others. With
the knowledge built with this techniques new and more accurate learning methods can be
designed.

The new methods for learning can be implemented and tested through interventions.
These studies can handle two objectives. One of them is oriented to test the effectiveness of
the proposed methodology. The other is collecting new data to answer empirical questions
about the cognitive processes. This new knowledge will be used to improve the original
method.

This thesis was a combined effort of Computer Science, Cognitive Science and Neuro-
science fields which aimed to contribute to the design of software for cognitive training,
looking for incorporate adaptive algorithms and tools for analysis to study cognitive pro-
cesses and its impact.

From a vast amount of possible educational intervention tasks, we focus in planning, i.e.
the ability to think a course of actions before applying the decisions made. We analyzed
two tasks: Tower of London and Chocolate Fix. The characterization provided about
this two tasks is important for further uses. The better the knowledge of the dimensions
involved in the tasks, the better the understanding and results this task will produce. We
expect the analysis exposed here to be useful when using these two tasks. In addition,
it should be used as an example on how important is to understand the task used for
research. The black box use of tasks may block the opportunity of a correct understanding
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