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ABSTRACT

During the past years, the adoption of Learning Management System (LMS) to support
an e-learning process has been continuously growing. Hence, a potential need and
meaningful factor to provide a personalized support, within the context of these systems,
has been the identification of particular characteristics of students to provide adaptations
of the system’s elements to the individual traits. One particular characteristic that has
been little studied in a personalized e-learning process are the learning disabilities (LD)
of students. Dyslexia is a common LD in Spanish-speaking university students, which is
specifically referred to the manifestation of different difficulties in reading. Dyslexia
requires special attention by higher educational institutions to detect, assess, and assist
affected students during their learning process. Thereby, an open challenge has been
identified from this implication:

How to include Spanish-speaking university students with dyslexia and/or reading
difficulties in an e-learning process?

In this dissertation, an approach to include the characteristics of these affected
students with dyslexia in the context of an LMS is proposed and developed. To achieve
this, as first step, it was detected students with or without a previous diagnosis of
dyslexia that still show reading difficulties, it was detected the compensatory strategies
that they could use to learn, and it was assessed the cognitive processes that they may
have altered. Therefore, it was analyzed, designed and developed methods and tools for
the detection and assessments of these students. Moreover, a learner model made up of
demographics, reading profile, learning styles, and cognitive traits was defined.

As second step, in our research work was the essential support and assistance to these
students in overcoming their difficulties. To do so, it was necessary to create awareness in
these students of their reading difficulties, learning styles and cognitive deficits. This
awareness promotes learning reflection by encouraging students to view and self-
regulate their learning. Furthermore, it was necessary to provide specialized
recommendations to support such self-regulation of the students. Thus, methods and
tools that can be used to assist these students were analyzed and developed, as well as

adaptation processes to deliver learning analytics and specialized recommendations were
defined.

As third step, it was necessary to construct mechanisms to integrate these tools in an
LMS to assist affected students during an e-learning process. Thus, a familiar
environment that supports detection, assessment and assistance of these students is
provided.

Finally, in this dissertation several case studies that evaluate the validity of the
methods and tools proposed were implemented. Experiments with pilot groups of
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students to test the functionality and usability, jointly with larger groups of students to
test the usefulness and validity of the tools were conducted. Descriptive analysis as well
as reliability and correlation analysis were performed.




RESUMEN

Durante los tltimos afios, la adopcion de Sistemas de Gestidon del Aprendizaje (LMS por
sus siglas en inglés) para apoyar los procesos de e-learning ha crecido continuamente.
Por lo tanto, una necesidad potencial y un factor significativo para proporcionar un
soporte personalizado, en el contexto de estos sistemas, ha sido la identificacién de las
caracteristicas particulares de los estudiantes con el fin de proporcionar adaptaciones de
los elementos del sistema a los rasgos individuales. Una caracteristica particular que ha
sido poco estudiada en un proceso de e-learning personalizado son las dificultades de
aprendizaje de los estudiantes. La dislexia es una dificultad de aprendizaje comun en
estudiantes universitarios de habla espafiola, que se refiere especificamente a la
manifestaciéon de diferentes dificultades en la lectura. La dislexia requiere de una
atencion especial por las instituciones de educacién superior para detectar, evaluar y
ayudar a los estudiantes afectados durante su proceso de aprendizaje. De este modo, un
desafio abierto ha sido identificado a partir de esta implicacion:

Cémo incluir a los estudiantes universitarios de habla espafiola con dislexia ylo
dificultades de lectura en un proceso de e-learning?

En esta tesis, un enfoque que incluye las caracteristicas de estos estudiantes afectados
con dislexia en el contexto de un LMS es propuesto y desarrollado. Para ello, como
primer paso, se detecté a los estudiantes con o sin un diagnostico previo de la dislexia
que aun muestran dificultades en la lectura, también se detectaron las estrategias
compensatorias que podrian utilizar para aprender, y se evaluaron los procesos
cognitivos que pueden tener alterados. Por lo tanto, se analizd, disené y desarrollaron
métodos y herramientas para la deteccién y evaluacion de estos estudiantes. Por otra
parte, se defini6 un modelo del estudiante formado por la demografia, los perfiles de
lectura, los estilos de aprendizaje, y los rasgos cognitivos.

Como segundo paso, en nuestro trabajo de investigacion fue el apoyo y la asistencia
esencial a estos estudiantes a superar sus dificultades. Para ello, fue necesario crear
conciencia en los estudiantes de sus problemas de lectura, estilos y los déficits cognitivos
de aprendizaje. Esta toma de conciencia promueve la reflexion en el aprendizaje,
alentando a los estudiantes a ver y autorregular su aprendizaje. Ademads, fué necesario
formular recomendaciones especializadas para apoyar la autorregulacion de los alumnos.
Por lo tanto, se analizaron y desarrollaron métodos y herramientas que se pueden utilizar
para ayudar a estos estudiantes, como también se definieron procesos de adaptacion para
ofrecer analisis y recomendaciones de aprendizaje especializados.

Como tercer paso, fue necesario crear mecanismos para integrar estas herramientas en
un LMS para ayudar a los estudiantes afectados durante un proceso de e-learning. Por lo
tanto, se proporciona un ambiente familiar para apoyar la deteccién, la evaluacién y la
asistencia de los estudiantes.
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Por ultimo, en esta tesis se llevaron a cabo varios casos de estudios que evaltian la
validez de los métodos e instrumentos propuestos. Se llevo la experimentacién con
grupos piloto de estudiantes para probar la funcionalidad y facilidad de uso, junto con
grandes grupos de estudiantes para poner a prueba la utilidad y validez de los
instrumentos. Se realizé el analisis descriptivo asi como la fiabilidad y la correlacion de
los analisis.




RESUM

Durant els ultims anys, 1'adopcié de Sistemes de Gestid de 1'Aprenentatge (LMS per
les sigles en angleés) per donar suport als processos d'e-learning ha crescut continuament.
Per tant, una necessitat potencial i un factor significatiu per a proporcionar un suport
personalitzat, en el context d'aquests sistemes, ha sigut la identificacié de les
caracteristiques particulars dels estudiantes con la finalitat de proporcionar adaptacions
dels elements del sistema als trets individuals. Una caracteristica particular que ha sigut
poc estudiada en un procés d'e-learning personalitzat son les dificultats d'aprenentatge
dels estudiants. La dislexia és una dificultat d'aprenentatge comui en estudiants
universitaris de parla espanyola, que es refereix especificament a la manifestacié de
diferents dificultats en la lectura. La dislexia requereix d'una atenci6 especial per les
institucions d'educacié superior per detectar, avaluar i ajudar els estudiants afectats
durant el seu procés d'aprenentatge. D'aquesta manera, un desafiament obert ha sigut
identificat a partir d'aquesta implicacio:

Com incloure als estudiants universitaris de parla espanyola amb disléxia i/o dificultats de
lectura en un procés d’e-learning?

En aquesta tesi, un enfocament que inclou les caracteristiques d'aquests estudiants
afectats amb dislexia en el context d'un LMS és proposat i desenvolupat. Per a aixo, com a
primer pas, es va detectar als estudiants amb o sense un diagnostic previ de la dislexia
que encara mostren dificultats en la lectura, també es van detectar les estrategies
compensatories que podrien utilitzar per aprendre, i es van avaluar els processos
cognitius que poden tenir alterats. Per tant, es va analitzar, dissenyar i desenvolupar
metodes i eines per a la deteccid i avaluacié d'aquests estudiants. D'altra banda, es va
definir un model de I'estudiant format per la demografia, els perfils de lectura, els estils
d'aprenentatge, i els trets cognitius.

Com a segon pas, en el nostre treball d'investigacio va ser el suport i l'assistencia
essencial a aquests estudiants a superar les seves dificultats. Per a aixo, va ser necessari
crear consciéncia en els estudiants dels seus problemes de lectura, estils i els deficits
cognitius d'aprenentatge. Aquesta presa de consciencia promou la reflexié en
l'aprenentatge, encoratjant els estudiants a veure i autoregular el seu aprenentatge. A
més, fou necessari formular recomanacions especialitzades per donar suport a la
autoregulacid dels alumnes. Per tant, es van analitzar i van desenvolupar metodes i eines
que es poden utilitzar per ajudar a aquests estudiants, com també es van definir
processos d'adaptacid per oferir analisis i recomanacions d'aprenentatge especialitzats.

Com a tercer pas, va ser necessari crear mecanismes per integrar aquestes eines en un
LMS per ajudar els estudiants afectats durant un procés d'e-learning. Per tant, es
proporciona un ambient familiar per donar suport a la deteccio, l'avaluacié i l'assistencia
dels estudiants.
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Finalment, en aquesta tesi es van dur a terme diversos casos d'estudis que avaluen la
validesa dels metodes i instruments proposats. Es va dur l'experimentacié amb grups
pilot d'estudiants per provar la funcionalitat i facilitat d'ts, juntament amb grans grups
d'estudiants per posar a prova la utilitat i validesa dels instruments. Es va realitzar
l'analisi descriptiva aixi com la fiabilitat i la correlacid de les analisis.




INTRODUCTION

This chapter presents an overview of the motivation focusing in the main topics of
interest for the development of this research work, followed by a set of research
questions, which emerge from identified research challenges, and a set of defined
research objectives that aims to provide a solution to the research questions.
Additionally, this chapter describes the followed research methodology so as to give
details of the general scopes during the developed research work. This chapter concludes
describing a list of contributions resulting from the research work and the description of
the outline of the main parts of this document.

1.1 Motivation

In an e-learning process the development of Learning Management Systems (LMS) have
been increasing, improving and applying to support traditional face-to-face learning and
distance learning process, mainly because (Graf, 2007; Vélez, 2009; Vilches, 2007):

e They are spaces to provide tools that enable the participation and interaction
between students and teachers.

e They support teachers and administrators in creating, administering, and
managing online courses.

e They promote the accomplishment of learning objectives through activities and
shared resources.

e They provide a great variety of educational features which can be included in the
courses such as quizzes, forums, chats, assignments, wikis, and so on.

e They contain and present a lot of multimedia learning resources as text, images,
videos, audios, links, documents, slide, etc.

e Individually and collaboratively, the internet and online interfaces are exploited
and used.

e Thus, they have become very successful solutions and are commonly used by
educational institutions and Technology-enhanced Learning (TeL) communities
for research.

Moreover, one more characteristic about these LMS that have got TeL researchers
attention, and is one focus of this research work, is their capability to let implementing
adaptations in order to achieve personalization of learning. More specifically, some LMS
can incorporate different data models (e.g. learner, learning flow, assessment, and
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contents) that can be processed and inferenced so as to deliver different educational
information tailored to the students’ needs.

Consistently, adaptations of an LMS can be achieved by incorporating Adaptive
Hypermedia System (AHS) methods. In (Brusilovsky, 1996) it is stated that "AHS are
hypermedia systems which reflect some features of the user in the user model and apply this model
to adapt various visible aspects of the system to the user". There is also an explanation of some
of the methods for adapting different educational elements such as activities and
contents. These AHS are formed basically by an hypermedia system (e.g., a LMS), a
learner model (e.g., student characteristics)) and an adaptive component (e.g.,
adaptation/decision engine). Commonly, outcomes of integrating these three components
are adaptations to the contents, activities, and tools, among other educational elements.

During the past years diverse adaptation processes in the architecture of an LMS have
being built in different levels so as to achieve adaptations to the contents, activities,
competences, navigation, evaluation, and services (e.g., forums, chats, etc.) (Brusilovsky
& Millan, 2007; S. Bull, Jackson, & Lancaster, 2010; Carmona, Castillo, & Millan, 2007;
Fontenla, Caeiro, & Llamas, 2009; Gaudioso, 2002; Graf, 2007; Gutierrez et al., 2009;
Laroussi, 2001; Virvou & Tsiriga, 2001). In this sense, it worth noting that the BCDS
group! has been involved in several research works on these processes achieving
satisfactory results and a high research experience (Baldiris, 2012; Florian, 2013; Gomez,
2013; Huerva, 2008; Mancera, 2008; Mejia, Mancera, Gémez, Baldiris, & Fabregat, 2008;
Mejia, 2009; Merida, Fabregat, Arteaga, & Cannataro, 2004; Moreno, 2008; Pena, Gomez,
Mejia, & Fabregat, 2008; Pefia, 2004; Vélez, 2009).

Bassically, the implementation of these processes takes into account individual
characteristics of students such as knowledge, interest, preferences, learning styles, skills,
beliefs, misconceptions, as well as the applications of e-learning standards, the
implementation of accessibility and usability guidelines, and the considerations of access
context (i.e., technology, mobility, etc.). Additionally, within the context of e-Learning for
All, the inclusion of special needs or impairment in students can be considered in the
implementation of those processes to support and personalize the learning acquisition.
Thus, factors such as the place from where students are accessing, the students’ age, their
physical or psychological disabilities, their learning disabilities, their cultural deficiencies,
among others, can be taken into account. Some research studies have discussed different
characteristics of students with regards to their special needs and accessibility (Gelvez,
Baldiris, & Fabregat, 2011; Judge & Floyd, 2011; Mancera, Baldiris, Fabregat, Vifias, &
Caparros, 2011; Mejia & Fabregat, 2010; Moreno, 2008; O. C. Santos, Baldiris, Boticario,
Gutierrez, & Fabregat, 2011). According to (Echeita, 2007), inclusion refers to the
presence, participation and performance of all students, regardless of their special
learning needs.

In this context of inclusion, the European Commission (EC) has promoted projects
such as IRIS?, TATE?, BenToWeb*, MICOLE?, SEN-IST-NET¢, ALPE?, EU4ALLS, ALTER-

! http://bcds.udg.edu/

2 www. irisproject.eu

3 http://www tateproject.org.uk/

4 http://www.bentoweb.org/home
5 http://micole.cs.uta.fi/
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NATIVA®, ALTERNATIVE-eACCESS among others with the purpose to aim both
education and labor inclusion and promote the independence of people in need, creating
training activities, web portals, methodologies, accessibility guidelines and assistive
technologies.

Among people with special needs there is a group of interest of this research work
that is, those who present Learning Disabilities (LD), i.e., students who may manifest
difficulties in listening, speaking, reading, writing, and even in mathematical calculation
abilities. In this sense, since the 1980s, the fields of psychology and education have made
important contributions to understanding students’ LD. Dyslexia is a common LD in
education, which is specifically referred to the manifestation of different difficulties in
reading. However, in recent years, there has been a particular concern among researchers
and practitioners about reviewing their teaching practices to improve the processes
involved in reading and learning and how to assess, intervene and assist affected
students during their learning process. Several studies have explored dyslexia in
children: identifying the population of children with dyslexia, evaluating cognitive
processes involved, determining their etiology, specific deficits, and developing
intervention programs to reduce their deficits in learning to read and write (Guzman et
al., 2004; Luque, Bordoy, Giménez de la Pena, Lépez-Zamora, & Rosales, 2011; Metsala,
1999; Nicolson & Fawcett, 1990). Many of those programs have been supported by
information and communication technologies (e.g., software) that tend to increase
student’s motivation and personalize the learning process (Barker & Torgesen, 1995;
Rojas, 2008; Wise & Olson, 1995).

Considering dyslexia at university level is a current research challenge since
difficulties do not disappear with age or training (Callens, Tops, & Brysbaert, 2012;
Hatcher, Snowling, & Griffiths, 2002; Swanson & Hsieh, 2009). Some research studies
have borne out that, in spite of the manifested reading difficulties, i.e. dyslexia
symptoms, dyslexic students could develop compensatory strategies (e.g., learning
preferences) to help them succeed in their studies (Firth, Frydenberg, & Greaves, 2008;
Lefly & Pennington, 1991; Mellard, Fall, & Woods, 2010; Ransby & Swanson, 2003) and
get into university, although they still underperform in reading-related tasks (Callens et
al., 2012; Hatcher et al., 2002). However, despite their efforts, when compared to their
peers, affected students still show significant difficulties in reading tasks (Eden et al.,
2004; Hatcher et al., 2002; Lyon, Shaywitz, & Shaywitz, 2003; Miller-Shaul, 2005; Ramus et
al., 2003; Sally E. Shaywitz, Morris, & Shaywitz, 2008).

Surprisingly, not all students whose performance is affected by dyslexia are diagnosed
and/or assisted before starting their studies at university; therefore, there are many
students with reading difficulties who have not been diagnosed with dyslexia by means
of an official psychoassessment procedure. Consequently, a considerable number of
students enter university without having expected reading skills, and would require
support to cope with high reading demands. Therefore, the number of dyslexic students
in university could be higher.

6 http://saci.org.br/?modulo=akemi&parametro=16078
7 http://adenu.ia.uned.es/alpe/

8 http://www.eudall-project.eu/

9 http://titanic.udg.edu:8000/www_alternativa/
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Thus, higher educational institutions are in clear need of specific resources to detect
students with or without a previous diagnosis of dyslexia that still show reading
difficulties, and to provide assistance to them. These students was called in this disse

In this research work, the Spanish-speaking university students who have a previous
diagnosis of dyslexia and/or are affected with reading difficulties which may be related to
dyslexia are addressed as a current research challenge. Since, at present, there are no
tools to detect adult Spanish-speaking population with dyslexia and/or reading
difficulties, to assess the cognitive processes that they can be altered, and to assist them in
overcoming their difficulties. Furthermore, this research work focuses on Spanish-
speaking population because, particularly, in Spain, this existing current challenge is the
interest of some universities (Univeristy of Girona, University of La Laguna, University
of Malaga, University of La Palmas de Gran Canaria), which have collaborated in the
development of this dissertation. Thus, the research outcome of this fruitful collaboration
was a framework for detection, assessment and assistance of university students with
reading difficulties who may have dyslexia.

It is worth remarking that assisting dyslexia on adult population in Spain is difficult
mainly because:

e There are many tools that focus on children excluding the adult population (e.g.,
there are no standardized tests for adult assessment).

e The Organic Law of Education (LOE) (adopted in May 3, 2006) which recognizes
dyslexia as a Learning Disability and ensures resources for affected students has a
limited scope to compulsory education levels (primary and secondary) and
therefore be exempt from its application not mandatory in higher levels such as
the university level.

e Moreover, the adult population has developed compensatory strategies enabling
them to overcome (or hide) their difficulties making more difficult the detection.

In addition, as another novelty of this dissertation, the integration of this proposed
framework with a LMS is considered. Thus, it is achieved extend the reach of the LMS to
include characteristics of students with dyslexia, including investigations about how to
automatically identify their symptoms or diagnosis, compensatory strategies and
cognitive traits, and how to provide assistance that fit their particular characteristics.

To address this issue, the proposed framework has to consider a learner model of
students with dyslexia and an adaptive component to deliver adapted and personalized
support to those students. In this way, the learner model can be designed by defining
variables related to demographics, reading profile, learning styles, and cognitive traits.
These variables can be used by an adaptation engine to deliver learning analytics and
specialized recommendations that best suit each student's performance.

Finally it is worth clarifying that the description "dyslexia and/or reading difficulties"
is used in this dissertation because dyslexia is analyzed independently of reading
difficulties. That is, in this research study students were asked if they had a previous
clinical diagnosis of dyslexia, as well as using the tools developed in this work was
detected if the student had reading difficulties, leaving the possibility that either of the
two cases could be given at the same time (dyslexia and reading difficulties) or
independently (dyslexia or reading difficulties).
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1.2 Research Questions

Taking into account the challenges mentioned in the previous section, and considering
the issue of extending the LMS to students with dyslexia and/or affected with dyslexia-
related symptoms (i.e., reading difficulties), the main question addressed in this
dissertation is:

RQ. How to include Spanish-speaking university students with dyslexia
and/or reading difficulties in an e-learning process?

To help answer the main research question (RQ) four subordinate research questions
were posed:

RQ.1. How can university students with dyslexia and/or reading difficulties be
detected?

RQ.2. How can cognitive traits of the students with dyslexia and/or reading
difficulties be assessed in order to inquire which cognitive processes related to
reading are failing?

RQ.3. How can students with dyslexia and/or reading difficulties be assisted?

RQ.4. How can the detection, assessment and assistance of university students with
dyslexia and/or reading difficulties be provided in a LMS?

The answers of these questions should enable the identification of a concise set of
information elements, methods and tools that enable support for university students
affected with dyslexia and/or reading difficulties through an LMS.

1.3 Objectives

In order to achieve and contribute to the development of "e-Learning for All”, the main
objective of this dissertation is to:

OB. Including students with dyslexia and/or reading difficulties in an e-
learning process, so as to define methods and tools to detect, assess and
assist them in overcoming their difficulties during their higher education.

To carry out this objective (OB), six subordinate objectives were posed:

OB.1. Defining a framework for detection, assessment and assistance of university
students with dyslexia and/or reading difficulties that can be integrated into a LMS.

OB.2. Analyzing and developing methods and tools for the detection of university
students with dyslexia and/or reading difficulties.

OB.3. Analyzing and adopting methods and tools for the detection of learning style
of university students with dyslexia and/or reading difficulties.

OB.4. Analizing cognitive processes associated with reading that can be altered in
university students with dyslexia and/or reading difficulties in order to develop
methods and tools needed to determine which specific processes are failing.

OB.5. Analyzing and developing adaptation methods and tools that can be used to
assist university students with dyslexia and/or reading difficulties.
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OB.6. Integrating the tools developed for the detection, assessment and assistance of
university students with dyslexia and/or reading difficulties with a LMS.

Since each objective corresponds to a tool implementation, each specific objective is
completed following the phases of the engineering methodology. This methodology is
presented in next section.

Basically, this research work is focused on identifying and supporting Spanish-
speaking university students that are affected with dyslexia and/or reading difficulties.
Thus, their reading profiles, learning styles, and cognitive deficits can be studied by
defining a learner model in order to understand how they can be assisted and how, in a
TeL approach, this can support a personalized learning process.

1.4 Research Methodology

TeL is the encompassing research field to which the work done in this thesis belongs. As
presented in previous section, this works focuses on contributing to the development of
"e-Learning for All”, considering in LMS the inclusion of students with dyslexia and/or
reading difficulties, and develop methods and tools to detect, assess and assist these
students in overcoming their difficulties during their higher education. Therefore, an
engineering research supported by researchers and practitioners in dyslexia was applied
and the used methodology must be understood as such. According to (Richards, 1993),
the methodology of an engineering research (which has been followed in the presented
research work) is composed of the following four phases:

1. Information phase. The aim of this first step is to identify the existing characteristics
of the problem domain and to clearly state the subject under research. This phase
usually consist in the revision of the existing literature. Thus, the information
gathered by the author of this dissertation, comes from the following sources:

e The review of relevant related literature with LMS, AHS, e-Learning for All and
inclusion, LD (particularly dyslexia) as well as its detection, assessment,
assistance and technological support, learning styles, open learner models, and
learning analytics solutions, which provided a theoretical background of the
problem domain and the existing work in the educational sciences and
information and communication technologies areas.

e The identification of researchers and research groups working on similar
problems that enriched the discussions of the matter in question. Besides, along
with the source, visiting related research groups and the participation in
conferences and workshops, in educational sciences and information and
communication technologies oriented research projects and the development of
coordinated field experiences.

e The number of documented practical case studies and experiments in the
research field, which suggests the development of experiences that contributed to
the literature with empiric knowledge and research on the problem domain.

2. Definition phase. The information gathered from the previous phase results in the
definition of proposals and approaches of implementation in order to find and
produce a solution that overcomes the limitations presented in the existing
alternatives. In this dissertation, such solution consists in the implementation of a
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framework for detection, assessment and assisstance of university students with
dyslexia and/or reading difficulties that can be integrated into a LMS. Thus, to
achieve this proposal was defined and briefly include (further details of this
proposal will be presented in Chapter 3):

e Definition of a learner model which comprimes four submodels: demographics,
reading profile, learning styles, and cognitive traits.

e Desing and developing of a tool to detect students with dyslexia and/or reading
difficulties.

e Adopting the Felder-Silverman’s Index of Learning Styles (ILS) (Felder &
Silverman, 2002) to detect the learning styles of students with dyslexia and/or
reading difficulties.

e Desing and developing of a tool to assess the cognitive processes involved in
reading of students with dyslexia and/or reading difficulties.

e Desing and developing of a tool to open the learner model in order to help
increase awareness of the students with dyslexia and/or reading difficulties and
to support reflection and self-regulation about their difficulties and learning
strategies in reading.

e Providing of specialized recommendations to support such self-regulation of the
students with dyslexia and/or reading difficulties.

e Desing and developing of web services to integrate the previous tools for
detection, assessment and assistance of students with dyslexia and/or reading
difficulties with a LMS.

3. Implementation phase. The implementation of the proposal evaluates its practical
feasibility and allows the deployment of case studies oriented towards the validation
of the proposed methods and tools. The solution proposed in this dissertation has
been implemented considering, first capturing the learner model information (i.e.,
demographics, reading profile, learning styles, and cognitive traits), second opening
the learner model using learning analytics solutions, third delivering personalized
recommendations, and finally integrating the learner model, learning analytics and
recommendations with a LMS.

4. Validation phase. The last step of the applied methodology is the definition and
deployment of experiments that evaluate the validity of the proposal, in order to
show and document how the proposed solution overcomes the limitations identified
in the information phase. In this dissertation, the validation consisted in the
deployment of case studies that used the proposed implemented solution.
Experiences with pilot groups of students to test the functionality and usability,
jointly with larger groups of students to test the usefulness and validity of the tools
were conducted. Descriptive analyzes as well as reliability and correlation analyzes
were performed.

1.5 Contributions

The following list summarizes the contributions of this dissertation to the research areas
involved (i.e., educational science and information and communication technologies):

1. The first contribution is the definition of a Framework for Detection, Assessment
and Assistance of University Students with Dyslexia and/or Reading Difficulties
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(Mejia & Fabregat, 2012). This framework is proposed to support students with
dyslexia and/or reading difficulties so as they can overcome their difficulties during
the learning process in the higher education. The framework architecture identifies
concise elements, procedures, methods and software tools to support reading
difficulties in LMS of higher educational institutions.

2. The second contribution is the design and development of a software tool, called
detectLD, devoted to the delivery and review of self-report questionnaires to detect
learning difficulties (Mejia, Clara, & Fabregat, 2011). In particular, in this dissertation
it was used to store a self-report questionnaire for detecting reading difficulties, as
well as for embeding a Spanish translation of the Felder-Silverman’s Index of
Learning Styles (ILS).

3. The third contribution is the creation of a self-report questionnaire for detection of
reading difficulties in adults, called ADDA (acronym for the Spanish name
Autocuestionario de Deteccion de Dislexia en Adultos) (Mejia, Giménez de la Pefia, &
Fabregat, 2012, 2013). A first version of ADDA, which consisted of 67 items, was
created in collaboration with the Department of Psycology at the University of
Malaga (Spain), and later this version was extended to 100 items in collaboration
with the Research Group on Learning Disabilities, Psycholinguistics and New
Technologies (DEA&NT) at the University of La Laguna (Spain). Futhermore, it also
contributes with a dataset collected during six months from 513 students who
completed ADDA.

4. The fourth contribution is the definition of an automated battery for the assessment
of cognitive processes involved in reading, called BEDA (acronym for the Spanish
name Bateria de Evaluacion de Dislexia en Adultos) (Diaz, Jiménez, Mejia, & Fabregat,
2013; Mejia, Diaz, Jiménez, & Fabregat, 2011, 2012). BEDA consists of eight modules:
six for the assessment of each cognitive process involved (i.e.,, phonological
processing, orthographic processing, working memory, lexical access, processing
speed, and semantic processing), one for the analysis of results, and one for
administration purposes. BEDA was created in collaboration with the Research
Group on Learning Disabilities, Psycholinguistics and New Technologies
(DEA&NT) at the University of La Laguna (Spain). Futhermore, it also contributes
with a dataset collected during four months from 119 students who completed
BEDA.

5. The fifth contribution is the integration of a voice recognition system into an
automated battery such as BEDA. This integration consist of capturing students'
spoken answers, detecting their reaction times, and validating their answers with a
set of correct answers to support some BEDA'’s tasks that require the use of the voice
to complete them (Mejia, Diaz, et al., 2011; Mejia, Diaz, Jiménez, et al., 2012). Besides
the integration involves the adoption of a dictionary, grammar and a corpus trained
with Spanish-language voices. Futhermore, it also contributes with a dataset of
10500 words collected during the development of the BEDA’s case study in order to
improve the corpus of the voice recognition system.

6. The sixth contribution is the definition of the BEDA’s items. BEDA includes 15
assessment tasks; each task consists of set of items or exercises that assess the
differente cognitive processes. Each item has an associated stimulus to complete it
(e.g., a word, a sound, a question, etc.). There are example items and assessment
items. In total 308 items were defined (35 of example and 273 of assessment). These
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items were created in collaboration with the Research Group on Learning
Disabilities, Psycholinguistics and New Technologies (DEA&NT) at the University
of La Laguna (Spain).

7. The seventh contribution is the definition of a dashboard of learning analytics of
dyslexia and/or reading difficulties in adults, called PADA (acronym for the Spanish
name Panel de Analiticas de Aprendizaje de Dislexia en Adultos) (Mejia, Bull, Vatrapu,
Florian, & Fabregat, 2012; Mejia, Diaz, Florian, & Fabregat, 2012; Mejia, Florian,
Vatrapu, Bull, & Fabregat, 2013). PADA is a tool designed to help with the
understanding and inspecting of the learner model, promote awareness and
facilitate reflection on reading difficulties. This tool was created in collaboration with
the Computational Social Science Laboratory (CSSL) at the Copenhagen Business
School (Demark), the Open Learner Modelling Research Group at the University of
Birmingham (UK), and the Department of Education at the University of La Palmas
de Gran Canaria (Spain).

8. The eighth contribution is the extension to Outcome-based Learner-models of the
technical framework of Activity-based Learner-models proposed by (Florian, Glahn,
Drachsler, Specht, & Fabregat, 2011). Thereby, the monitoring and assessment can be
either activity centered and outcome centered. Furthermore, new roles are
considered in an independent software tool such as PADA (Mejia, Florian, et al.,
2013).

9. The ninth contribution is a repository for storing and delivering of specialized
recommendations for adults with cognitive deficits, called RADA (acronym for the
Spanish name Recomendador de Actividades para la Dislexia en Adultos) (Mejia, Diaz,
Florian, et al., 2012). A total of 36 recommendations were designed to support the 6
cognitive processes assessed. These recomendations were created in collaboration
with the Research Group on Learning Disabilities, Psycholinguistics and New
Technologies (DEA&NT) at the University of La Laguna (Spain) and the Department
of Education at the University of Las Palmas de Gran Canaria (Spain).

10. The tenth contribution is the definition of a block of Moodle to integrate the
Framework for Detection, Assessment and Assistance of University Students with
Dyslexia and/or Reading Difficulties with Moodle (Mejia & Fabregat, 2012). This
block is called PIADA (acronym for the Spanish name Plataforma de Intervencion y
Asistencia de Dislexia en Adultos). PIADA allows visualizing and use the framework's
software toolkit with Moodle. This block was created in collaboration with
researchers and undergraduated students from University of Cordoba (Colombia).

1.6 Outline of the Thesis

This document is organized into 8 chapters, including this one, and additionally the
appendixes at the end.

1.6.1 Chapter 2: Theoretical Foundations

This chapter presents a review of concepts related to LMS and AHS, including learner
modeling and adaptation concepts. Moreover given the inclusive approach of this
dissertation, topics related to achieve an e-Learning for All such as LD and dyslexia are
studied and presented. In this dissertation, the research was focused on university
students with dyslexia, symptoms, compensatory strategies, cognitive processes, and
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assistance. The chapter continues with the studies about tools to detect reading
difficulties and learning styles, and tools to assess the cognitive process involved in
reading in order to determine cognitive deficits. Later, assistance strategies that can be
used with these affected students for personalization and improvement of their learning
are studied. Finally, a summary is presented.

1.6.2 Chapter 3: Thesis Proposal: Framework for Detection, Assessment and
Assistance of University Students with Dyslexia and/or Reading Difficulties

This chapter presents the thesis proposal of this dissertation, namely Framework for
Detection, Assessment and Assistance of University Students with Dyslexia and/or Reading
Difficulties. Firstly the framework architecture was defined, on the basis of the studies in
previous section. Then, considering the characteristics of the affected students, a learner
model and a set of tools to collect data from the learner model are defined. Furthermore,
the definition of adaptive components that allows assistance to these students as well as a
set of tools to provide the adaptation effects are presented in this chapter. Later, the
integration of the framework with a LMS is defined. Finally, a summary is presented.

1.6.3 Chapter 4: Detection of University Students with Reading Difficulties

This chapter presents, firstly, the design and development of a software tool, called
detectLD, devoted to the delivery and review of self-report questionnaires. Then, it
presents three parallel ways in which the detection of university students with reading
difficulties could be made. One way is the detection of the students’demographics using
forms. The second way is the detection of reading profile using ADDA. The other way is
the detection of learning styles using ADEA. This chapter is also dedicated to present the
findings of a case study to test the functionality and the usability of detectLD, and to
check the comprehensibility of ADDA. In addition, two cases studies are conducted to
evaluate the usefulness of ADDA and ADEA. Finally, a summary is presented.

1.6.4 Chapter 5: Assessment of University Students with Reading Difficulties

This chapter presents the definition of an automated battery for the assessment of
cognitive processes, called BEDA, which is proposed to capture cognitive deficits in
university students with reading difficulties. BEDA has been built based on a multimodal
communication mechanism that delivers evaluation tasks using the visual, auditory, and
speech communication channels of human-computer interaction. The chapter also
includes some case studies to test the functionality and usability of BEDA, as well as to
recover the score scales defining when a student presented or not a cognitive deficit and
to analize and debug the BEDA’s items used to assess each of the cognitive processes.
Finally, a summary are presented.

1.6.5 Chapter 6: Assistance of University Students with Reading Difficulties

This chapter presents, firsly, the definition of a dashboard of learning analytics of
dyslexia and/or reading difficulties in adults, called PADA, which is proposed to
facilitate the creation of descriptive visualizations required for a better understanding of
university students with reading difficulties about their learner model. Then, this chapter
dedicates to present the findings of a case study to evaluate the usefulness of PADA. The
chapter also presents the definition of a repository of specialized recommendatios for
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adults with cognitive deficits, called RADA, which is proposed to support the self-
regulation of university students with reading difficulties during their learning process.
Finally, a summary are presented.

1.6.6 Chapter 7: Integration of the Framework with a Learning Management System

This chapter presents the integration of the Framework for Detection, Assessment and
Assistance of University Students with Dyslexia and/or Reading Difficulties (proposed in
Chapter 3) with a LMS. The exemplary LMS used was Moodle. To carry out this
integration, firstly, a cluster of software tools was defined in what is called Framework’s
Software Toolkit. Then, a block of Moodle, through which it is accessed, displayed and
used the information of the framework was designed and developed. Besides the
development and implementation of web services required to achieve communication
between the Framework’s Software Toolkit and Moodle was performed. The result of the
integration process is the detection, assessment and assistance to university students who
may present dyslexia and/or reading difficulties using Moodle. The chapter also describes
two case studies, with students and teachers, to validate the integration. Finally, a
summary are presented.

1.6.7 Chapter 8: Conclusions and Future Work

This chapter presents conclusions and some ideas that may be worth exploring for future
research. The chapter also presents the author’ publications and scientific collaboration.
Finally, the projects where this dissertation has contributed are described.

1.6.8 Appendices

There are four appendices: Appendix A presents the first version of the self-report
questionnaire for detection of reading difficulties in adults —~ADDA-, Appendix B presents
the second version of this self-report questionnaire, Appendix C presents the Spanish
translation of the Felder-Silverman'’s Index of Learning Styles (ILS) (Felder & Silverman,
2002), Appendix D presents the BEDA's items used in the different assessment tasks, and
Appendix E presents the BEDA’s items after debugging performed in Chapter 5.
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This chapter starts with a review of concepts related to Learning Management Systems
(LMS) (Section 2.2) and Adaptive Hypermedia Systems (AHS) (Section 2.3). Moreover,
learner modeling and adaptation concepts (related to the field of AHS) are presented in
Section 2.3, so as to apply these concepts to an LMS and ensure that these systems are
able to provide an adequate adaptive and personalizing learning. The chapter continues
with the concept of Open Learner Model (OLM) (Section 2.4), considering that opening
the learner model to the students has been a successful learning strategy to promote
awareness-raising, reflection on learning, and self-regulation or ability to make decisions
about the learning process. Then, it presents the concept of Learning Analytics (LA)
(Section 2.5) as the techniques to opening the learner model. Moreover given the
inclusive approach of this dissertation, in this chapter are studied concepts of e-Learning
for All and Inclusion (Section 2.6) focusing on the definition of Learning Disabilities (LD)
(Section 2.7). LD classification and the influence of educational psychology on them are
presented also in Section 2.7, as well as some projects related with LMS implementation
that support affected students with LD. Then, an overview of dyslexia (Section 2.8), the
targeted learning disability worked in this dissertation; author focus on university
students with dyslexia, symptoms, compensatory strategies, cognitive processes, and
assistance. The chapter continues with Section 2.9 presenting studies about tools to detect
dyslexia symptoms and learning styles, and tools to assess the cognitive process involved
in reading in order to determine cognitive deficits. Later, in Section 2.9 assistance
strategies that can be used with these affected students for personalization and
improvement of their learning are studied. Finally, a summary is presented (Section 2.10).

2.1 Introduction

Comparing with the traditional face-to-face style teaching and learning, e-Learning is
indeed a revolutionary way to provide education in life long term. Nowadays more and
more people have benefited from various e-learning systems. However, high diversity of
the students on the Internet poses new challenges to the traditional “one-size-fit-all”
learning model, in which a single set of learning activities or resources is provided to all
students. In fact, the students could have different characteristics; even share some, they
may have different levels of expertise, and hence they can not be treated in a uniform
way. It is of great importance to provide a personalized system which can automatically
adapt to the characteristics and levels of students.
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In this sense, adaptive and personalized technologies have demonstrated some
capabilities and successes in the field of e-Learning (Alfonseca, Carro, Martin, Ortigosa, &
Paredes, 2006; Brusilovsky & Millan, 2007; Fontenla et al., 2009; Hsiao, Sosnovsky, &
Brusilovsky, 2010; O. C. Santos et al., 2011; Zhang, Almeroth, Knight, Bulger, & Mayer,
2007). For instance, while, Learning Management Systems (LMS) are systems that
manage students and learning resources (like images, animations, videos, etc.), providing
tools to develop learning activities of a course as collaboration tools, monitoring of
students, evaluation systems, etc., Adaptive Hypermedia Systems (AHS) are systems that
are able to provide students with adaptive and personalized experiences based on
processing information from a "learner model" (Bra & Stash, 2002; Brusilovsky & Millan,
2007; Graf, 2007; Hsiao, 2012; Pena, 2004). This model describes the student characteristics
and it is used to “adapt” different aspects of a system to the student. Thus, the
combination of these two technologies, i.e., implementing adaptation processes within an
LMS considering concepts proposed by the AHS can be used to personalize and enhance
the students’ learning process. Typically, the implementation of these processes takes into
account: on the one hand, characteristics of students such as knowledge, preferences,
learning styles, previous knowledge, skills, beliefs, misconceptions, among other
students’ characteristics, and on the other hand, the application of e-learning standards,
the implementation of accessibility and usability guidelines, and the considerations of the
access context (i.e., technology, mobility, etc.), among other technical issues. However, in
recent years, there has been a particular concern among researchers and practitioners
with the inclusion of impaired students or students with special needs, such as physical
or psychological disabilities, aging, learning disabilities, and cultural deficiencies, so as to
achieve a “Learning for All” (Gregg, 2007; Judge & Floyd, 2011; Petrie, King, & Hamilton,
2004).

According with the European Commission (EC), the Life-long learning program (LLL)
and the United Nations (UN), establishing action plans that contribute to “Learning for
All” and ensure equal opportunities for impaired people or people with special needs is
necessary. For this reason, the author of this dissertation is interested on contributing to
the development of e-Learning for All (Bjork, Ottosson, & Thorsteinsdottir, 2008;
Donnelly & Mcsweeney, 2008; Moreno, 2008), considering in e-learning the inclusion of
students with special needs related to cognitive issues and low academic progress and
achievements as Learning Disabilities (LD).

General speaking, LD are disorders presented by students related mainly to the
acquisition and use of listening, speaking, reading, writing, reasoning or mathematical
abilities. LD may affect people throughout their entire lives. For this reason, affected
people with LD can be categorized in: i) children with LD, ii) adolescents with LD and iii)
adults with LD. Moreover, LD has been also classified with regards to the abilities that
are affected. Many different theories provide the basis for LD classification (Molina,
Sinués, Deafio, Puyuelo, & Bruna, 1998; Padget, 1998; Wong, Butler, Ficzere, & Kuperis,
1996). In this research work, a classification for LD in 4 types has been considered,
namely: 1) Dyslexia or difficulties with reading skills and reading comprehension, 2)
Dysorthographia or difficulties with spelling, 3) Dysgraphia or difficulties with written
expression, and 4) Dyscalculia or difficulties with calculations and mathematical
reasoning.
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Thereby, considering the LD of students during the process of learning and providing
adaptive and personalized experiences to these students have been seem as research
challenge (National Academy of Engineering, 2012) that needs researchers’ attention so
as to achieve the development of a personalized “Learning for All”.

Thus, this research work is focused on university students with dyslexia, a population
that has been studied very little (Gregg, 2007; Jiménez, Gregg, & Diaz, 2004; Sparks &
Lovett, 2010).

2.2 Learning Management Systems (LMS)

An LMS - also referred to as virtual learning environment, online learning environments,
course manament system or e-learning platform - is an hypermedia system that
automates the management processes of teaching and learning (i.e, an educational
software system). A LMS can be basically used to: create structured lessons, publish tests
and/or surveys, and share educational multimedia resources and documents, among
other things to support the teaching/instruction process; as well as to enable educational
resources, tools and services that can support the learning process. Moreover, some LMS
may include: competences management, planning sessions, certification controls,
accessibility characteristics, e-learning standards, metadata description, etc. Currently,
there are many commercial LMS, such as: Blackboard!, WBTmanager?, Intralearn?,
Fronter* Desire2Learn’, and SumTotal®. However, in recent years there has been an
increasing attention and construction of these systems under the open source
phylosophy. Some open source LMS are: dotLRN’, ATutors, Moodle® Claroline'?, OLAT",
and Sakai’?. A feasible and atractive alternative adopted by many researchers have been
the open source alternatives of these systems since they are considered ideal and flexible
options for applying research initiatives in the field of education. These LMS have been
also considered as targets to apply the proposal made in this research work. This
approach will be further described in Chapter 7.

Although all LMS have similar functionalities, a real difference between them for
research rely on the characteristic of being flexibles to incorporate new features that allow
achieving adaptivity and personalization of the work environment considering
individual aspects of students (Graf, 2007). Moreover, the work presented in Vélez (2009)
and Vilches (2007) presents a comparison between LMS in order to identify those who
offer suitable features to achieve adaptivity and personalization. These studies found that
basically a LMS must meet the following criteria: 1. be able in multiple languages, 2. be
deployed in multiple operating systems, 3. be integrated to heterogenous educational

1 http://www.blackboard.com/

2 http://www.wbtmanager.com/

3 http://www.intralearn.com/

4 http://com.fronter.info/

5 http://www.desire2learn.com/

6 http://www.sumtotalsystems.com/
7 http://www.dotlrn.org/index.html
8 http://atutor.ca/

9 https://moodle.org/

10 http://www.claroline.net/

1 http://www.olat.org/

12 http://www.sakaiproject.org/
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contexts, 4. be actively maintained and supported by at least two permanent developers,
5. be supported by an active community of people, 6. present and have available basic
learning tools, 7. present and have available basic documentation. Thus, from that
comparison only five LMS met these criteria, namely: ATutor, Claroline, dotLRN, Moodle
and OLAT. Besides, all these systems provide basic learning functionalities such as
educational communicative, productive, partcipative tools among others, as well as
management supportive functionalities such as administrative, course delivery, content
development tools.

However, considering relevant aspects to this research work such as personalization,
adaptivity and accessibility, in those studies was concluded that only Moodle, dotLRN
and ATutor are the most capable LMS to support these aspects. Below, a brief description
of these three LMS is presented:

e dotLRN. Also known as .LRN, was initially developed by MIT. dotLRN is
currently supported by a global consortium of educational institutions, nonprofit
organizations, companies and open source developers. dotLRN is appropiated for
learning and research communities, since it has course management, online
communities, content management and learning management -capabilities.
Consortium member institutions work together to support the progress of each
member and to accelerate and expand the adoption and development of dotLRN.
The consortium ensures software quality certifying components through software
development plans coordinated and maintaining ties with OpenACS?®.

e ATutor. It was first released in late 2002. It came in response to two studies
conducted by the developer in the years prior that looked at the accessibility of e-
learning systems to people with disabilities. Results of the studies showed none of
the popular LMS at the time even provided minimal conformance with
accessibility guidelines. It is supported by IDRC (Inclusive Design Research
Centre)* from the University of Toronto, and has a community of developers
who make constant updates and enhancements on the LMS. ATutor is the first
LMS to comply completely with the accessibility specifications of W3C WCAG 1.0
at the AA+ level. ATutor is also cited in numerous technical reviews and scholarly
articles; and many third-party extensions have been developed and distributed for
use with the software.

e Moodle. Moodle is a software package for producing Internet-based courses.
Moodle is an acronym that stands for Modular Object-Oriented Dynamic
Learning Environment. Moodle has been developed as an open source
educational application with a free software license and is mostly useful to
programmers and instructors. It has been designed to support an educational
framework based on the social constructivist philosophy. Moreover, this LMS
maintain educational contents centralized in a database and provides these
contents to students through a web-oriented interface. Moodle can be installed on
any web server with a PHP interpreter and it has a complete support for the use
of the MySQL and PostgreSQL database managers. Adittionally, it has a broad

13 http://openacs.org/
14 http://idrc.ocad.ca/
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development community, which ensures the quality of software by certifying
developed components.

However, it is worth noting that Moodle is a LMS with great pedagogical and
technological flexibility and usability, and with the support of a large community of users
around the world. Besides, it is currently the LMS used at the University of Girona.

Next section presents the concepts of Adaptive Hypermedia Systems (AHS) including
learner modeling and adaptation concepts, so as to apply these concepts to an LMS and
ensure that these systems are able to provide an adequate adaptive and personalizing
learning.

2.3 Adaptive Hypermedia Systems (AHS)

An hypermedia system is an educational software system that is based on providing
hypermedia content, which can be accessed interactively navigating through them. An
adaptive hypermedia system (AHS) can be defined as “hypermedia systems which reflect
some features of the user in the user model and apply this model to adapt various visible aspects of
the system to the user. In other words, the system should satisfy three criteria: it should be a
hypertext or hypermedia system, it should have a user model, and it should be able to adapt the
hypermedia using this model (i.e. the same system can look different to the users with different
models)” (Brusilovsky, 1996).

Taking into account these criteria, a SHA in the educational context is formed by three
elements, namely: an hypermedia system, a learner model (i.e. user model) and an adaptive
component. Figure 2-1 depicts these elements.

Learner modeling

Learner requests T~ 1
S ! Knowledge about learner

Dataabout learner | Adaptive |< Learner
- i | Learner model updates
Adaptation effect : Component i > Model

Hypermedia
System

____________________________

Adaptation

Figure 2-1. Simple scheme of an Adaptive Hypermedia System (AHS). Adapted from
Brusilovsky (1996)

e The hypermedia system: which gathers a collection of learner data, whether
supplied to the system or inferred by itself from learner’s interaction, as well as
provides the functionalities and visible aspects that can be adapted.

e  The learner model: which is generated from the available data in the collection of
learner data provided by the hypermedia system and that describes the current
status of a learner in relation with a set of defined learner’s characteristics.

e The adaptive component: which is able to adapt the functionalities or visible aspects
of the hypermedia system by processing the learner model. The adaptation process is
carried out by an adaptation/decision engine (adaptive component), which: i)
receives the information of the learner (i.e. learner requests, data about learner,
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knowledge about learner), ii) automatically processes this information, and iii)
responses with adaptation results/decisions (i.e. adaptation effect) and learner model
updates.

According with Brusilovsky (1996), the critical feature of an AHS is the possibility of
providing hypermedia adaptation on the basis of an learner modeling. That is, the
fundamental idea of an AHS is the need to know the specifics of who uses the system and
thus be able to offer what he/she needs (e.g., support, hints, activities, materials, etc.)
according to his/her characteristics in a specific domain or domains. This involves:
determining which features are defined and taken into account in the model, how these
characteristics are represented, how the learner model is updated, and what adaptations
shall be applied according to the model and domain(s) in which the learner is(are)
working.

Some related work (Baldiris, 2012; Brusilovsky & Millan, 2007; Carmona et al., 2007;
Florian, 2013; Laroussi, 2001; Pefia, 2004; Virvou & Tsiriga, 2001) remarks that learner
model is the element that needs more attention in a SHA, since it is responsible for
storing the data that represents the learner of the system and that will be used to provide
the learner with appropiated adaptative and personalizing aspects of the system.

2.3.1 Learner modeling process

A learner model is responsible for storing the student information. Basically, this model
represents knowledge, interests, preferences, goals, background, and individual traits of
the students during their learning process, allowing for personalized learning and
adaptation towards their current needs (Brusilovsky & Millan, 2007; De Bra, 1999).

According to Brusilovsky and Millan (2007), the learner modeling process defines and
maintains up-to-date learner models. Different categorizations exist for learner models.
For example, Brusilovsky and Millan (2007) define two types, feature-based models and
stereotype-based models. The feature-based models attempt to model specific features of
individual learners such as knowledge, interests goals, etc., and consider changable
learners features. The stereotype-based learner models attempt to cluster all possible
learners of an adaptive system into several groups, called stereotypes. It is worth noting
that S. Bull, Brna, La, and Pain (1995) suggested that the model should contain
information about domain knowledge (including errors and misconceptions), and also
other learning issues, for example analogy, learning strategies and the promotion of
awareness and student reflection. In Cook and Kay (1994), authors proposed the division
of the model into two parts: public and private, so that students could choose what
information they prefer private and what they prefer to share. Then, in S. Bull and
Nghiem (2002), authors proposed that the model could be inspectable by the students, i.e.,
they may view the contents of their models to help them to better understand their
learning. In addition, S. Bull (2004) also proposed that the model could be co-operative, i.e.,
modeling tasks are shared between student and system, editable, i.e., students may
modify the contents of their learner models according with their beliefs, and negotiable,
i.e, students and system discuss the model contents and come to an agreed
representation. According to Rueda, Arruarte, and Elorriaga (2007), learner models could
be classified in raw data models, visual models and decision support models. A raw data model
is a direct view of the internal data representation, a visual model converts the internal
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representation to a graphical conceptualization, and a decision support model can be
defined as a visual representation that allows the learner to make pedagogical decisions
in the learning process.

On the other hand, a review of the literature shows that currently being modeled
learner general information such as demographics, competences, knowledge, interest,
goals, and background (Baldiris, 2012; Florian, 2013; Laroussi, 2001; Mejia et al., 2008;
Pena, Mejia, Gémez, & Fabregat, 2008; Pefia, 2004; Virvou & Tsiriga, 2001). Additionally,
there are some studies that model the cognitive styles (Graf, 2007; Lin & Kinshuk, 2005),
learning styles (Baldiris, 2012; Carmona et al., 2007; Graf, 2007; Mejia, 2009; Ortigosa,
Paredes, & Rodriguez, 2010; Pefia, 2004), emotion and affective states (Baldiris et al., 2011;
Conati & Maclaren, 2005; Mancera et al., 2011; Picard, 1997), personality (F. Garcia,
Amandi, Schiaffinoa, & Campoa, 2006), metacognitive skills (Conati, Larkin, & VanLehn,
1997), and attitudes and perceptions (Arroyo & Woolf, 2005), as well as some work in
progress about motivation, responsibility, and perseverance. While, other studies are
focusing on physical and cognitive disabilities as visual and hearing impairment (Gelvez
et al., 2011), attention deficit hyperactivity disorder (Baldiris et al., 2011; Mancera et al.,
2011), and learning disabilities (Mejia, Fabregat, & Marzo, 2010), as well as cultural
diversity as multiliguism (Bacca, Baldiris, Fabregat, & Avila, 2013; Bacca, Baldiris,
Fabregat, Guevara, & Calderon, 2012).

2.3.2 Adaptation process

The concept of adaptation has been an important issue of research in the hypermedia
systems area (De Bra, 1999; Oppermann, Rashev, & Kinshuk, 1997). The research has
shown that the application of adaptation process can provide better learning
environments and consequently students can reach a better performance (Baldiris, 2012;
Gaudioso, 2002; Gémez, 2013; Kavcic, 2001; Mejia, 2009; Pefia, 2004; Vélez, 2009).

According to Oppermann et al. (1997) , two kinds of systems have been developed for
supporting the learners’ adaptation: adaptable and adaptive (see Figure 2-2). Adaptable
systems allow the learner to change certain system parameters (i.e., parameters that can
be modified on explicit user request) and adapt their behavior accordingly to this
changes. While adaptive systems adapt to the learners automatically, based on the
assumptions they make about learner needs (i.e., knowledge, interest, competences, etc.).

Adaptive Adaptable

) . . !

| o A s )

/ T / \ \ T \
/ A AP N \

. System initiated Learner selection of Learner desired Learner initiated
System initiated . ) ; . .
adaptivity (No adaptivity with pre- adaptation from adaptability supported adaptability (No
ptivity information to the learner system suggested by tools (and performed system initiation)
learner control)
about the changes features by the system)

Figure 2-2. Spectrum of adaptation proposed by Oppermann et al. (1997)

According to De Bra (1999) in an adaptable system the learner can provide a profile
(through a dialog or questionnaire). This profile may include certain presentation
preferences (e.g., colors, media type, learning style, etc.) and learner background
(qualifications, knowledge, etc). While an adaptive system monitor the learner behavior
and adapt the presentation accordingly. The evolution of the learner preferences and
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knowledge may be deduced (partly) from page accesses. Sometimes the system may need
questionnaires or tests to get more accurate information of the learners.

Thus, an adaptive adaptation process requires: learner characteristisc (knowledge,
goals, cognitive style, learning style, motivation, preferences, etc.), learner modeling
techniques (feature-based, stereotype-based, etc.), tasks to be performed (nature, priority,
level, etc.), teaching strategies, and other relevant information (nature, purpose, etc.). In
addition, this process also requires the definition of adaptation methods and techniques
(Brusilovsky, 1996). On the one hand, techniques refer to methods of providing
adaptation in an AHS. These techniques are a part of the implementation level of an
AHS. Each technique can be characterized by a specific kind of knowledge representation
and by a specific adaptation algorithm. On the other hand, methods are defined as
generalizations of existing adaptation techniques. Each method is based on a clear
adaptation idea which can be presented at the conceptual level. For example, "...insert the
comparison of the current concept with another concept if this other concept is already
known to the learner”, or "
learned". The same conceptual method can be implemented by different techniques. At
the same time, some techniques are used to implement several methods using the same
knowledge representation.

...hide the links to the concepts which are not yet ready to be

Numerous studies have been carried out to implement adaptation processes in
different application domains. For example, in E. Brown, Stewart, and Brailsford (2006),
Mejia, Baldiris, Gémez, and Fabregat (2009), and Wolf (2002), authors describe adaptation
processes based on learning contents. Fullick, Bajraktarevic, and Hall (1993), Paredes and
Rodriguez(2004), and Yudelson and Brusilovsky (2008) describe adaptation processes
based on navigation. Marcos, Martinez-Monés, Dimitriadis, and Anguita (2006) describe
an adaptation process based on the identification of the students' roles. (Alfonseca et al.,
2006; Baldiris, Fabregat, Mejia, & Gémez, 2009; Olguin, Delgado, & Ricarte, 2000; Paredes
& Rodriguez, 2006) adapt tools and collaborative activities. Florian, Baldiris, and Fabregat
(2010) and Marcos, Martinez, Dimitriadis, and Anguita (2006) propose an adaptation
process based on the assessment of students. E. Brown et al., (2006), Marcos, Martinez-
Monés, et al. (2006), and Wolf (2002) describe adaptations to the graphical interfaces level.
Finally, even thought the literature shows several studies (implemented, proposed or in
progress), it is highlighted the works of Arteaga, Fabregat, Eyzaguirre, and Mérida
(2004), Blanco-Fernandez (2005), Duval (2011), O. C. Santos et al (2011), and Schafer,
Konstan, and Riedl (1999) who propose adapting recommendations.

Finally, it is also highlighted that there exist a prominent research tend in TeL to focus
in the integration of AHS aspects with LMS, so as to apply studied adaptation concepts of
the field of AHS to an LMS and ensure that these systems are able to provide an adequate
adaptive and personalizing learning (see Figure 2-3). Some examples of related research
work done on these aspects can be found in Arteaga et al. (2004), Arteaga, Fabregat, and
Meérida, (2006), Baldiris(2012), Bra and Stash (2002),and Graf (2007), Huerva, Vélez,
Baldiris, Fabregat, and Mérida (2008); Mejia (2009), Vélez (2009), and Wolf (2002).
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Figure 2-3. Schema representing the integration of a AHS in a LMS

Next chapter presents the concept of Open Learner Model (OLM), considering that
opening the learner model to the students has been a successful learning strategy to
promote awareness-raising, reflection on learning, and self-regulation or ability to make
decisions about the learning process.

24 Open Learner Model (OLM)

An OLM is a learner model that is accessible to the student. Traditionally the information
in the learner model is closed to the students. However, benefits of opening the learner
model to students to encourage awareness, reflection and even self-regulation of their
learning have been argued (S. Bull & Kay, 2008, 2010; Hsiao et al., 2010; Mitrovic &
Martin, 2007). Furthermore, achieving an accurate learner model with the help of
students has also been argued (S. Bull & Kay, 2010).

Basically, if a student views the learner model, information is provided about his/her
knowledge, interests, preferences, goals, background, and individual traits; such
information has been recovered during the learner modeling process. A review of the
literature shows that an OLM allows access to the learner model content in a variety of
forms (S. Bull & Kay, 2010). The most common of which are skill meters, textual
descriptors and tables for each topic or concept to be accessed (Corbett & Bhatnagar,
1997; Mitrovic & Martin, 2007; Papanikolaou, Grigoriadou, Kornilakis, & Magoulas,
2003), to more complex structured representations of understanding such as hierarchical
trees (Mabbott & Bull, 2006); Bayesian networks (Zapata-Rivera & Greer, 2004); and
concept maps (Mabbott & Bull, 2006, Perez-Marin, Alfonseca, Rodriguez, & Pascual-
Neito, 2007). Others include simulation (Morales, Pain, & Conlon, 2000); animations
(Johan & Bull, 2010); and Fuzzy Models (Mohanarajah, Kemp, & Kemp, 2005). Recent
work has also used treemaps to visualize the learner model (Bakalov, Hsiao, Brusilovsky,
& Koenig-Ries, 2011; S. Bull et al., 2012; Kump, Seifert, Beham, Lindstaedt, & Ley, 2012).
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Currently, an emerging area for the visualization of the learner model have been
explored: Learning Analytics (LA) (Campbell & Oblinger, 2007; Ferguson, 2012; Siemens
et al., 2011; Vatrapu, Reimann, & Hussain, 2012; Vatrapu, Teplovs, Fujita, & Bull, 2011;
Verbert et al., 2011). Its primary goal is closely tied to, a series of other fields of study
including business intelligence, web analytics, academic analytics, educational data
mining, and action analytics (Elias, 2011). In recent years, however, there has been
particular concern among researchers with using the LA to improve teaching and
learning. Next section gives a brief description of concept and actual contribution of this
emerging area.

2.5 Learning Analytics (LA)

The LA was defined in the 1st International Conference on Learning Analytics &
Knowledge (LAK2011)'5 as “the measurement, collection, analysis and reporting of data about
learners and their contexts, for purposes of understanding and optimizing learning and the
environments in which it occurs”. Thereby, particularly works in this area are based on the
aggregation and analysis of students’ data collections in their social contexts, for
understanding and optimizing their learning process.

LA seeks to select, capture, aggregate, report, predict, use, refine, and share data
during the learning processes for teachers and students (Elias, 2011). The aim of LA is to
provide useful support for understanding and decision making during learning and
teaching. Thus, LA focus on the detection of key-activity and key-performance indicators
which can be based on statistical and data mining techniques, so that for instance
recommendations can be made for learning activities, resources, training, people, etc. that
are likely to be relevant. Alternatively, the data can be processed so that they can be
further extended to support other educational roles in decision-making, as remarked in
Donald Norris, Leonard, Pugliese, and Lefrere (2008), Vatrapu et al. (2011), Verbert et al.
(2011), and Zhang et al. (2007).

Thus, OLM and LA are two areas tightly related to learner model visualization. Open
learner modeling is more centered on personalization and learning contexts while
learning analytics do more emphasis on semantic aggregation, statistical analyses, and
results towards prediction and recommendation.

Further sections expose the theoretical foundations of e-Learning for All and
Inclusion, since this dissertation considers the inclusion of university students with
Learning Disabilities (LD) in an e-learning process.

2.6 e-Learning for All and Inclusion

The main focus on LMS has so far been on technical issues for ordinary students (i.e.,
with skills and competences according with their ages and academic level). Other student
groups with totally different needs and abilities have so far not been much focused on by
LMS developers apparently caused by low knowledge about for example special needs or
impairments of some kind, elderly people’s life conditions and their needs of Internet and
related technologies. Figure 2-4 shows a pyramid to describe the different types of
students who can access a LMS (Benktzon, 1993). At the end of the pyramid appear the

15 https://tekri.athabascau.ca/analytics/
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ordinary learners who are individuals with good physical and mental ability. Then
appear the learners with special needs who are individuals with some kind of difficulties
but who have no recognized physical or mental impairment. For example, learning
disabilities (e.g., dyslexia), attention deficit disorder, or elderly people with minor
disabilities such as reduced strength, impaired hearing, etc. At the top of the pyramid
appear the impaired (or disabled) learners who require assistive devices due to severe
mobility problems and reduced body functions. For example, deafness, blindness,
mobility-impaired, cerebral palsy, etc.

~
Learner with _ Assistive devices
impairments " often needed
JF —
N
Learners with special Universal

needs Design

Ordinary Learners

Figure 2-4. The students pyramid considered to achieve a universal design. Extracted
from Benktzon (1993)

A universal design as well as quality assurance to create contents, lessons, resources,
learning activities, or tests to assure long lasting knowledge achievements by the student
taking part in e-learning are additional areas in need of more development and research.
Thus, today, a need of LMS accessible for all students in the society is growing (Gutierrez
et al., 2009; IMS, 2003; Judge & Floyd, 2011; Paciello, 2000; Petrie et al., 2004; WAI, 2008;
Zhang et al., 2007). Research has started in the field of “e-Learning for All” and the
interest for people in need is intensively discussed among researchers (Bjork et al., 2008;
Donnelly & Mcsweeney, 2008; Moreno, 2008).

The e-Learning for All is the term that is associated with the fact of the inclusion of
these students in need to e-learning. Basically, e-Learning for All means ensuring that all
students, not just the most privileged (see Figure 2-4), acquire the knowledge and skills
supported by the use an educational software system (such as a LMS). Thus, individual
differences must be accommodated and catered for, by ensuring the maximum range and
variety of learning opportunities. Embracing "e-Learning for All" philosophy can benefit
students of all ages and abilities thus widening participation, access and inclusion.

The idea of inclusion is the modification of the educational system to respond to the
needs of all students. In terms of curriculum, methodologies, teaching strategies,
guidance, etc. In this context, the European Commission (EC) has promoted projects such
as IRIS'®, TATE", BenToWeb®, MICOLE", SEN-IST-NET?, ALPE?, EU4ALL?, ALTER-

16 www. irisproject.eu

17 http://www.tateproject.org.uk/
18 http://www .bentoweb.org/home
19 http://micole.cs.uta.fi/
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NATIVA?%, and ALTERNATIVE-eACCESS with the purpose to aim both education and
labor inclusion and promote the independence of people in need, creating training
activities, web portals, methodologies, accessibility guidelines and assistive technologies.

In different Communities and Territories of the Spanish State some regulations have
been deployed to realize different practical aspects of inclusion in educational contexts. In
the context of Catalonia it can be cited the Action Plan of Inclusive Education (2008/2015)*
(in Spanish Plan de Accion de la Educacién Inclusiva) that among other elements it focused
on actions related to specific material and financial resources, support systems, training
expertise and personal resources, implementation of coordination between services.
Other example, can be found in the Universitat de Girona with the Program to Support
People with Disabilities?>, which is responsible for supporting students with disabilities and
manage seminars to promote awareness in instructors.

However, in this frame in which, progressively new regulations and social discourses
has been developed and implemented to support “inclusive practices”, there is still the
challenge to put in practice day to day these principles within the educational
institutions. In this sense, education supported by technology and more specifically in
LMS could be of relevant help to facilitate the road towards a real “inclusion”.

As mentioned before, among people with special needs there is a group of interest of
this research work that is, those who present Learning Disabilities (LD). Thus, next
section describes the LD definition, their classification and the influence of educational
psychology on them, as well as some projects related with LMS implementation that
support affected students with LD.

2.7 Learning Disabilities (LD)

Within the group of learners with special needs (see Figure 2-4) there are included the
students with LD (Barca & Porto, 1998). That is, students who develop problems in
language comprehension and difficult use of the language, which may be manifested in
the inadequate capacity of think, listen, speak, read, write, and even in mathematical
calculation abilities.

Although students with LD appear normal at first glance, without any apparent
psychological or physical disability, they cannot achieve the general learning objectives
proposed in the curriculum they are following (McLaughlin et al., 2006; Santiuste &
Gonzalez-Pérez, 2005). Generally the LD may exist when there is a discrepancy between
the intelligence quotient (IQ) and the academic performance of a student, without such
student presenting sensory, physical, motor problems or educational deficiencies.

The study of LD focuses on identifying the conditions that affect the student's
personal development and justify the provision of certain aids or special services, such as

20 http://saci.org.br/?modulo=akemi&parametro=16078
2 http://www.bentoweb.org/home

2 http://www.eudall-project.eu/

2 http://titanic.udg.edu:8000/www_alternativa/

2 http://www.gencat.cat/index_eng.htm

2% http://www.udg.edu/discapacitats
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adaptations to the tools they can use for certain process such as adaptations to access,
assistance, intervention, and learning.

Here, it is worth noting that two terms are used along this study, namely: Disability
and Difficulty. Disability is usually used to refer to the diagnosis (e.g., dyslexia,
dysgraphia, dyscalculia, so on), whereas Difficulty is used to refer to the symptoms that
occur in students when they present some disability (e.g., a student diagnosed with
dyslexia may present the need to read at a slow pace, poor written fluency, so on).

2.7.1 LD definition

Different definitions of LD have been made by some organizations such as the United
States Office of Education (USOE), the Learning Disabilities Association of America
(LDA), and the National Joint Committee on Learning Disabilities (NJCLD) (Hallahan &
Mercer, 2000). However, the more accepted definition by a majority and addressed in this
work is the one from NJCLD that remarks that: “LD refers to a heterogeneous group of
disorders manifested by significant difficulties in the acquisition and use of listening, speaking,
reading, writing, reasoning, or mathematical abilities. These disorders are intrinsic to the
individual, presumed to be due to central nervous system dysfunction, and may occur across the
life span. Problems of self-regulatory behaviors, social perception, and social interaction may exist
with LD but do not by themselves constitute a learning disability. Although LD may occur
concomitantly with other handicapping conditions (e.g., sensory impairment, mental retardation,
serious emotional disturbance) or with extrinsic influences (e.g., cultural differences, insufficient
or inappropriate instruction), they are not the result of those conditions or influences” (National
Joint Committee on Learning Disabilities, 1991).

Nevertheless, the definitions reviewed do not concern about cognitive deficits
presented in people with LD. In the past decades, research in the field of LD has focused
on the study of cognitive deficits and intervention strategies for detected deficits so as to
help students in the learning process. It has been shown that improper operation of
cognitive processes interferes in both school and social life of the student (Jiménez, 1999).
Moreover, this research focus have implied a challenge in the study of training strategies
for cognitive and metacognitive processes that support the student in the learning
process, and thus, verify the positive influence of these strategies on the academic
performance (Jiménez, 1999; Rojas, 2008).

Students who have LD present common characteristics that can be identified so as to
explore specific cognitive deficits and thereafter, provide training support to overcome
them. These characteristics describe a heterogeneous population and have been identified
mainly in children.

Table 2-1 summarizes some of the most common characteristics of students with LD,
identified from related work (Burke & Ryan, 2004; Cousins & Duhl, 1983).
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Table 2-1. Summary of common characteristics in people with LD

They find it difficult to fix goals, prioritize and finish works.

They find it difficult to organize time; usually, they need more time to finish tasks.
They find it difficult to concentrate.

They find it difficult to express themselves.

They find it difficult to memorize subjects.

They find it difficult to remember instructions or follow procedures.

They find it difficult to participate in working groups.

They find it difficult to process information quickly.

They find it difficult to capture social signals and keep attention.

They have rapid changes in mood, apparent immaturity, and lack sensitivity.
They demand a lot of attention from others.

They have low self-esteem.

They have poor academic performance.

2.7.2 LD classification

Currently, there are two systems of classification for disabilities, defined by the World
Health Organization (WHO)?2 and the American Psychological Association (APA)?¥
respectively. Both systems have their advantages and disadvantages, and their use is
associated with different geographic areas: in Europe it is tended to use the classification
by WHO, while in the U.S. and Latin America prevails using the classification by APA
(Grande, 2009).

The WHO's International Classification of Diseases (Kramer, Sartorius, Jablensky, &
Gulbinat, 1979; Sartorius et al., 1993), proposed the 10th revision of the International
Classification of Diseases (ICD-10) which is based on a statistical classification of diseases,
signs and symptoms, abnormal findings, complaints, social circumstances, and external
causes of injury or diseases. In ICD-10 (particularly, in the classification of mental and
behavioural disorders: clinical descriptions and diagnostic guidelines) the LD are known
as "Specific developmental disorders of scholastic skills" and are classified as follows
(World Health Organization, 1993):

e Specific reading disorder.

e  Specific spelling disorder.

e Specific disorder of arithmetical skills.

e Mixed disorder of scholastic skills.

e  Other developmental disorders of scholastic skills.

e Developmental disorder of scholastic skills, unspecified.

On the other hand, the APA proposed: Diagnostic and Statistical Manual of Mental
Disorders (DSM-IV-TR) (American Psychiatric Association, 2000). In the DSM-IV-TR LD
are known as "Learning disorders" and are classfified as follows:

e Reading disorder.

e Mathematics disorder.

e Disorder of written expression.
e Learning disorder, unspecified.

26 http://www.who.int/en/
¥ http://www.apa.org/
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Classificiation made by the WHO and the APA differ in their conception. On the one
hand, ICD-10 by WHO is based on the consequences of the disease and its impact on the
individual's life, as well as it is more descriptive, while DSM-IV-TR by APA is organized
by criteria and it is more based on empirical observation.

Taking into account the ICD-10 and DSM-IV-TR classification systems as well as a
literature review conducted for the LD classification (Molina et al., 1998; Padget, 1998;
Wong et al.,, 1996), it was concluded that they have very similar approaches. Thus, four
classification of LD are considered:

e Duyslexia: refers to specific reading disorders (i.e., difficulties with basic reading
skills and reading comprehension).

e Dysorthographia: refers to specific spelling disorders (i.e., difficulties with poor
performace in spelling).

e Dysgraphia: refers to specific disorders of written expression (i.e., difficulties with
written expression).

e Dyscalculia: refers to specific calculation disorders (i.e., difficulties with
calculations and mathematical reasoning).

2.7.3 Influence of educational psychology

The field of psychology has been very influential in the investigation of LD, and in the
teaching-learning process in general, providing theories that include new assessment
methods and mechanisms for the classification of students so teachers can differentiate
students with special needs, and advice about how to generate motivation strategies,
improve cognitive abilities, and generate mechanisms for the detection and treatment of
LD (Santiuste & Gonzalez-Pérez, 2005).

Assuming that the educational psychology is the area that studies the behavior and
performance of people in a learning process, basically defined as a discipline dedicated to
the diagnosis, treatment and prevention of LD (Passano, 2000), the analysis of how the
educational psychology influences LD is considered in this research work. Some general
activities identified from the educational psychology area in which this research is
focusing are:

e Selection of students that need support.

e Re-education of students with symptoms of learning failure.

e Diagnosis of LD and the generation of methods and strategies their treatment.
e Rehabilitation of the educational system through their guidance and advice.

e Development of adaptation programs.

e Study of the influence of family, school, environment and psychic structure.

Commonly, based on these activities, an educational psychologist makes a plan
indicating all the important information that arises from diagnosis, such as defining the
nature and severity of LD, the specific characteristics identifying areas of strength and
deficits, the instructional level of the material to be used, the learning and compensatory
strategies developed by the students, the attitudes and grade of personal or social
adaptation, and others individual needs of the student.
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2.7.4 Computer mediated assistance in the teaching-learning process

Different Assistive Technologies (AT) are available to support people with different types of
special needs such as LD. AT for students with LD are any device, hardware or software,
that help avoid, resolve or compensate LD such as dyslexia, dysorthography, dysgraphia,
and dyscalculia. The AT do not cure or eliminate these LD but can help students to
empower their skills in the learning process. Some identified examples of AT and
research projects that use AT to support the types of LD consideren in this research work
(i.e., Dyslexia, Dysorthographia, Dysgraphia, and Dyscalculia) are:

e For dyslexia there are tools that help to facilitate decoding, reading fluency and
comprehension. Some examples are audio books, optical character recognition
(OCR), speech synthesizers/screen readers, and videogames. In Rojas (2008) a
multimedia interactive 3D videogame for the treatment of dyslexia help to
support reading and improve the cognitive processes involved in these students.

o For dysgraphia/dysorthography there are tools that help students circumvent the
physical task of writing, while others facilitate proper spelling, punctuation,
grammar, word usage, and organization. Some examples are abbreviation
expanders, alternative keyboards, talking spell checkers, and proofreading
programs. In Jones (1994) and Lancaster, Schumaker, and Deshler (2002) is
explained that computer-assisted practice reinforces the interest, motivation and
safety of students with LD in writing and spelling because they feel more control
over their activities. In MacArthur (1999) and Van and Van (1992) some useful
applications (software and hardware) for students with LD in writing are
presented.

e For dyscalculia there are tools that are designed to help people who struggle with
computing, organizing, aligning, and copying math problems down on paper.
With the help of visual and/or audio support, students can better set up and
calculate basic math problems. Some examples are electronic math worksheets,
paper-based computer pen, and talking calculators. In Goldman and Hasselbring
(1997) and Hasselbring, Going, and Bransford (1988) some automated math
programs for students with LD are presented.

In addition, other studies have shown the usefulness of computer-mediated assistance
in the teaching-learning processes and tend to increase the motivation of students
affected with some LD, personalize their learning process, and improve their learning
performace (Ayres, 2002; Barker & Torgesen, 1995; Briinken, Steinbacher, Plass, &
Leutner, 2002; Hetzroni & Shrieber, 2004; Macaruso & Walker, 2008; Mayer, Fennell,
Farmer, & Campbell, 2004; Rojas, 2008; Taylor et al., 2004; Timoneda, Pérez, Hernandez,
Baus, & Mayoral, 2005; Wise, Ring, & Olson, 2000).

2.7.5 LMS and LD

Some research studies have confirmed that there are policies that aims to a more
inclusive higher education, which promote equality of opportunities (Luna, 2009;
Vickerman & Blundell, 2010). Accordingly, some higher educational institutions have
implemented strategies to encourage and support the participation of students with
disabilities (e.g. dyslexia, dyscalculia, etc.), particularly, there has been an increased focus
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on studying and implementing strategies for ensuring universal access to the LMS
(Hampton & Gosden, 2004).

Currently, some LMS presents characteristics that support students with disabilities.
For example, Blackboard, ATutor, and LearnWise include accessibility policies, and may
provide accessibility recommendations to its users (Phipps et al,, 2002). dotLRN has
priority in assisting people with disabilities implementing accessibility mechanisms?.
LearnWise includes adaptive interfaces and text-to-speech applications (Phipps et al.,
2002). Finally IntralLearn offers some specialized tools to support students with specific
types of difficulties??. Moreover, some research projects that propose the building or
extension of an LMS have been focused in incorporating features and functionalities
related to LD, namely:

e EU4ALL (European Unified Approach for Accessible Lifelong Learning)®. Project
intended for university students. It is oriented towards accessible lifelong learning
combining three key strategies: using the technology to adapts to diversity,
providing support services to student with disabilities, and incorporating
accessibility mechanisms to provide services for all. To get this strategies propose
the implementation of an open service architecture based on e-learning standards.
This Project is developed over dotLRN LMS.

e HADA (tool that supports the treatment of LD in the classroom) (Malet & Mainer,
2010). Project intended for teachers with the aim of helping guiding students with
LD. It consists of a collaborative learning platform and a digital library. This
project was organized on the Moodle LMS and supports content management,
tutorial monitoring, and performance management.

e ABA (Association for Behavior Analysis)?. Project intended for teachers to
provide education based on the analysis of behavior. Its objectives are to know the
principles of an effective methodology in treating LD, to provide theorical and
practical knowledge aimed at intervention of LD, and to know and acquire the
skills to apply technology in teaching language and social behavior of children
with different disorders.

e DysLextest (Development of the elearning system for dyslexia rectification and
automatic effectiveness assessment of its utilization) . Project intended for
dyslexic children and adults, and teachers. Its aim is to create a web portal
containing an LMS where dyslexics can access a series of exercises and tests
designed and recommended by specialist therapists. It also provides quality
information for the instructors and affected individuals.

e SICOLE (acronym for the Spanish name Sistema basado en el Conocimiento para la
Evaluacion de las Dificultades Lectoras en Lengua Espaiiola) (C. S. Gonzalez, Estevez,
Munoz, Moreno, & Alayon, 2004a). Project intended for dyslexic children. It has a
student model built from the profile (variables about the preferences and
permanent attributes such as cognitive and chronological age, vision, hearing and
laterality) and logs (variables related to the interaction with the system). In

28 http://dotlrn.org/product/accessibility/

2 http://www.intralearn.com/

30 http://www.eudall-project.eu/

31 http://www.aba-elearning.com/

32 http://www.indracompany.com/sostenibilidad-e-innovacion/proyectos-innovacion/
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SICOLE the adaptation of the tasks' presentation allows dynamically activities to
be adjusted according to the student's learning style.

e Aprender (web for students with LD) (F. Garcia, 2003). Project intended for
students, teachers and general public. It proposes the design of accessible
resources for all, activities related with the student autonomy and general aspects
that can facilitate future learning. Resources are adapted to each teaching unit and
have different levels of curricular competence of the student.

e AHS-RW (Adaptive Hypermedia System for Reading and Writing learning)
(Ortega, Gea, & Gutiérrez, 2002). It takes into account goals and preferences of
students. Define three domains: knowledge, activities and users to implement the
adaptations in order to provide appropriately user interfaces, activities, and
methods of reading and writing to students.

e COSE (Creation of Study Environments) (Stiles, 2000). It supports students with
disabilities (including dyslexics). It supports accessibility characteristics and e-
learning specifications.

e AVANTI (Stephanidis et al., 1998). Project intended for general public. It supports
individual needs of users through user modeling, content adaptation and
individual presentation of web pages. This project considers elderly people and
people with SEN (like dyslexia and dysgraphia).

Table 2-2 summarizes some aspects considered in the projects presented above: the
type of person to who is intended the project (Actors), LD type targeted (Dyslexia,
Dysgraphia, Dysorthography, Dyscalculia), whether the system present or not storage
and delivery of educational digital resources led to student with LD, whether the system
uses or implements assessment and assistance mechanisms for affected students, and
finally whether the system is designed for a course core curriculum with learning
purposes (Course-target) or can be used in a LMS as a general tool to support or orient
difficulties (General-tool).

Table 2-2. LMS research projects that consider LD

EU4ALL X

HADA

ABA

X X | X |x

DysLextest:

SICOLE

XX | X | X |X

Aprender

X X | X [IX|X|X

AHS-RW

X X X | X |X
X
X

COSE

XX X | XX |X|X[|xX|X

X | X |xX | X
XX X X |X|X
X X |x | X

AVANTI X X

Here, it is important to note that, none of the systems in Table 2-2 integrate both
assessment and assistance of students with learning disabilities, although several of them
offer specific learning resources to support these affected students through a LMS in the
learning process.

This dissertation focuses on definition of a framework for assessment and assistance
of university students who may have dyslexia. This framework is designed taking as
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conceptual basis the aforementioned systems and it is proposed to be integrated into a
LMS. Moreover, the framework is addressed to students, teachers and psychological
experts, it let delivering learning resources and technological assistance, and it can be
used for learning purposes (Course-target) or as a support tool for students with
difficulties. This is further explained in chapters 3, 4, 5, 6 and 7.

Dyslexia was selected because it is the most common LD in education. Moreover, in
recent years, there has been a particular concern among researchers and practitioners
about reviewing their teaching practices to improve the processes involved in reading
and learning and how to assess, intervene and assist affected students during their
learning process.

2.8 Dyslexia

Reading is considered the basis of the educational process since most of the knowledge
transmitted during academic development relies on the written language. That is why,
from the very first years of schooling, learning to read correctly is considered a basic tool
for academic development. Furthermore, when we refer to reading as the basis of the
educational process, we mean not only in terms of academia but also the importance it
has in a general sense. The way it accesses most of the information in the environment is
also connected with written language because it is immersed in the so-called information
society, where activities (including productive, economic, educational, and cultural ones)
are regulated through communication and information. And learning to read correctly is
essential for the development of the individual in this society. When students have
difficulty acquiring this skill, their academic performance and general personal
development are affected. These consequences make it necessary to study the specific
reading and writing disabilities also known as dyslexia.

2.8.1 Dyslexia definition

Reviewing some history about dyslexia, and based on the work of Artigas (1999); the first
description of a disorder equivalent to dyslexia was made in 1877, the year in which
Kussmaul (1877) published the case of a patient who had lost his reading ability despite
of preserving his visual sense, intelligence and language. He defined this disorder with
the name of verbal blindness. Shortly afterwards, Morgan (1896) reported the medical
history of a boy of 14, who despite being smart, he had an almost total inability to cope
with written language. One of his teachers said, that if this kid had been educated
exclusively by oral means, had been one of the brightest students of the school. Since this
patient had not acquired any injury, Morgan dignosed him with congenital verbal
blindness.

Later, Hinshelwood (1900), a surgeon from Glasgow, was interested in the children
who could not learn to read. This enabled him to publish the first series of such patients
in Lancet. He later published a book about this disability, after having identified new
patients. Thus, he could observe that some individuals remained totally incapacitated for
reading, despite multiple efforts. Others managed to improve and acquire certain reading
skills, but with limitations. For the latter, he proposed the term congenital dyslexia,
whereas the verbal blindness designation should be reserved for severe cases with no
chance of improvement.
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Thereafter, dyslexia has been under constant debate with no end seems to have been
reached yet. Dyslexia has received so far in this century various definitions. Orton (1928)
proposed the name strephosymbolia in 1928. The same author in 1937 changed this name to
developmental alexia. Hallgren (1950) renamed to constitutional dyslexia. It was not until
1975 that the World Federation of Neurology first used the term developmental dyslexia.
The definition provided at that time was: "A disorder manifested by difficulty in learning to
read despite conventional education, adequate intelligence and sociocultural opportunities. It
depends primarily of cognitive impairments whose origin often is constitutional.” (Critchley,

1970).

Other definitions for dyslexia have been identified, such as:

Harris and Hodges (1981) postulated that dyslexia is a "medical term for incomplete
alexia, inability to read, parcial but severe; historically (but less common in its
current use). Dyslexia is a rare but definable and diagnosable primary delay in
reading with some form of central nervous system dysfunction. It is not
attributable to environmental causes or other disabling conditions. "

Thomson (1992) defines it as "a serious difficulty with the written form of
language, that is, independent of any intellectual, cultural and emotional cause. In
Dyslexia, individual acquisitions in the area of reading, writing and spelling are
well below of the expected level regarding the intelligence and chronological age.
It is a cognitive problem that affects language skills associated with the written
form, particularly the passage of the written form, particularly by the visual
coding step to verbal, short-term memory, perception and sequencing."

Later in 2002, the DSM-IV-TR of the APA (American Psychiatric Association,
2000), defined it as a discrepancy between learning potential and the performance
level of a subject, with no sensory, physical, motor problems or educational
deficiencies. Accordingly, the definition provided for dyslexia is: “a reading
performance (accuracy, speed or comprehension) which lies substantially below
the level expected on the basis of the chronological age, IQ and schooling age of
the individual”.

In Spain, Roman (2008) after conducting an updated concept of dyslexia and
rename it as developmental dyslexia define it as "an specific and permanent
disability to acquire, effectively, the reading skills that allow the subject achieving
normally mediated learning by the written support".

However, the most accepted definition of the term dyslexia was proposed by
(Lyon et al., 2003): "Dyslexia is a specific learning disability that is neurobiological in
origin. It is characterized by difficulties with accurate and/or fluent word recognition and
by poor spelling and decoding abilities. These difficulties typically result from a deficit in
the phonological component of language that often is unexpected in relation to other
cognitive abilities and the provision of effective classroom instruction. Secondary
consequences may include problems in reading comprehension and reduced reading
experience that can impede growth of vocabulary and background knowledge” .

According to these definitions and particularly in (Lyon et al., 2003), dyslexia is not
the result of a single deficit. It would be determined by many factors where each factor
gives rise to different types of symptoms. In other words, dyslexia is a LD that may pose

a number of difficulties (symptoms) in the various processes involved in reading.
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In addition, it is well known that reading and writing skills are closely related; poor
readers are also less successful in writing tasks than their peers (Berninger, Nielsen,
Abbott, Wijsman, & Raskind, 2008; Berninger, Winn, et al., 2008; Hatcher et al., 2002).
Moreover, in accordance with common practice, dyslexia entails not only reading
difficulties. It is commonly associated to disorders of writing skills (Heien & Lundberg,
2000; Lindgrén, 2012). In other words, student achievement is determined not only by
their reading skills, but also by their performance on tasks that require a written answer.

2.8.2 Dyslexia characteristics

As mentioned before, dyslexia is closely related to other learning disabilities, such as
difficulties in writing, namely dysgraphia (i.e. difficulties in correctly delineating of letters,
in the parallelism of lines, in the size of the letters, in the pressure of writing). Moreover,
in later phases of dyslexia also spelling difficulties can be revealed, namely dysorthography
(i.e. difficulties in the correct use of spelling rules). These characteristics describe common
difficulties related to dyslexia. In Table 2-3 some of the characteristics of dyslexia are
detailed and in Table 2-4 and Table 2-5 the difficulties presented in writing and spelling
related to dyslexia (Baumel, 2008; Davis, 1992a; J. N. Garcia, 1995; Gills, 2007; Grande,
2009; Moore, 2008). Moreover, the guidelines established by the WHO, the APA, the
NJCLD, the National Reading Panel (NRP)®, and the Learning and skills improvement
service (LSIS)*, as well as recent reviews of the characteristics of dyslexia reported by
different authors (Beatty & Davis, 2007; Jiménez & Artiles, 2007; Sally E. Shaywitz et al.,
2008; Snowling, 2000) support the identified characteristics reported in related literature.

Table 2-3. Summary of common characteristics in people with dyslexia

* They omit and/or confuse letters/phonemes/ syllables/words when reading.

They have difficulties in recognizing and understanding letters/phonemes/syllables/ words.
They have to read slowly to avoid confusion.

They have difficulties with the decoding abilities.

They find it difficult to read aloud.

They mispronounce or use the wrong words.

They have difficulties with security and/or fluent word recognition.

They find it difficult to acquire new vocabulary and background knowledge.
They find it difficult to find the right word.

They have difficulties extracting the main idea of a text in a first reading.
They have reduced reading experience.

They find it difficult to concentrate on reading.

° They usually need to go back to the text.

Table 2-4. Summary of common characteristics in people with dysgraphia

* They omit, confuse and/or invert letters/words/numbers when writing (e.g., in dictations).

* They find it difficult to write fluenty and accurately.

* They have difficulties with decoding abilities.

* They find it difficult to organize and finish writing works (e.g., essays)

* They find it difficult to distinguish between nouns, verbs, adjectives and adverbs when writing.
* The handwriting is illegible or difficult to read.

° They frequently mix lowercase and capital letters at random.

3 http://www.nationalreadingpanel.org/
3 http://www.excellencegateway.org.uk/page.aspx?o=framework4dyslexia
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Table 2-5. Summary of common characteristics in people with dysorthography

* They have difficulties using punctuation.

* They have poor spelling.

* They need to constantly check their spelling.

* They frequently unite and/or separate words improperly.

° They mispronounce or use the wrong words.

The characteristics presented in the table above can be basically summarized in the
following difficulties (symptoms):

e Difficulty in reading accuracy: accurate recognition of words is not achieved.

Many omissions, distortions and replacement of words are presented. An affected
individual confuse letters, numbers, words, sequences, or verbal explanations.

e Difficulty in words decofication: printed symbols are not identified. The
application of graph-phonemic matching rules that allow reading words is not

achieved. An affected individual has poor alphabetical knowledge and
phonological recoding.

e Difficulty in reading speed: the silent and oral reading is slow, with many
stoppages, repetitions, corrections and blockages.

e Difficulty with vocabulary acquisition: poor experience with printed language

that impedes the development of language.
e Difficulty in reading comprehension: understanding of what is read is not
achieved.

e Difficulty on reading concentration: an affected individual has problems to

concentrate when reading or writing.

e Difficulty in writing accuracy: an affected individual has an inaccurate copying,
with substitutions, omissions or reversal of words.

e Difficulty in writing production: converting ideas into words is difficult. It is
related to the construction of grammatical structures that best express a message,

to find the right words, to give a meaning, and with movements to represent
words.

e Difficulty in getting a correct orthography: an affected individual has difficulty in
using punctuation as well as the spelling is poor.

Furthermore, it is emphasized that dyslexic individuals tend to read in a very literal
level because they have difficulties to quickly process the information, and many have
not had experience with high levels of critical thinking skills such as analysis and
synthesis. Some others have trouble summarizing and phrasing (Gills, 2007).

2.8.3 Associated difficulties

Apart from the relationship that dyslexia has with difficulties in writing and
orthography, dyslexia is often also associated to other difficulties, for instance, difficulties
with memory, attention, pronunciation, speech, mathematics, spatial organization, and
automation (Baumel, 2008; Beacham, Szumko, & Alty, 2003; Beatty & Davis, 2007; Davis,
1992b; Gills, 2007; Jiménez & Artiles, 2007; Jiménez, 1999; Marken, 2009; Sally E. Shaywitz
et al., 2008; Snowling, 2000; Vinegrad, 1994; Wesson, 2005). Next, a description with
associated difficulties is presented:
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e Difficulties with memory: problems with immediate memory can be presented.
An affected individual may has problems to remember what she/he just read as
well as to recognize previously learned words; bad memory for sequences and
instructions can be presented, and to facts and information that has not
experienced, difficulty to remember names, phone numbers and addresses.

e Difficulties with attention: it seems that daydream often; gets lost easily or loses
sense of time. Difficulty to pay attention. She/he seems to be hyperactive or
dreamer.

e Difficulties with pronunciation: difficulty when pronouncing words by means of
reversing them or replacing parts of words. Affected individuals have a greater
impact on the difficulty of pronunciation of new, long words or those containing
combinations of letters that leads to reading difficulties.

e Difficulties in speech: difficulty putting thoughts into words. Normally, affected
individuals speak in halting phrases; leave incomplete sentences, stutter when
stressed; mispronounce long words, or transpose phrases, words and syllables
when speaking. They have trouble giving their thoughts in an organized manner.

e Difficulties with mathematics: affected individuals depend on finger counting and
other tricks for mathematics: know answers, but can not put the procedure on
paper. Can count, but has difficulty counting objects and dealing with money.
Can do arithmetic, but struggle written problems; struggle with algebra or
advanced mathematics.

e Difficulties with spatial organization: affected individuals can be ambidextrous,

and often confuses left / right, up / down. Struggle telling time, managing time,
learning sequenced information or tasks, or being on time. Directional confusion
is presented; they are easily lost and have trouble using maps or find their way to
anew place. A poor sense of time, mixing dates and missing appointments.

e Difficulties with automation: difficulty to achieve automaticity when they have to
do more than one thing at a time, such as listening and writing at the same time,
taking notes, taking messages, and copy on the board. Problems with the
mathematical procedures or sequences of numbers or letters and difficulty using
dictionaries, encyclopedias and directories.

In addition, other external associated aspects are considered for the characterization of
the difficulties of dyslexia such as medical and family history, school life, reading and
writing habits as well as affective and motivational aspects that reveals when being
affected with dyslexia (Decker, Vogler, & Defries, 1989; Giménez de la Pefia, Buiza,
Luque, & Lopez, 2010; Goldberg, Higgins, Raskind, & Herman, 2003; Gonzalez-Pienda et
al., 2000; Lefly & Pennington, 2000; Stanovich, 1986; Westwood, 2004).

2.8.4 Prevalence in university students

Until recently, LD as dyslexia had been studied very little at the university level (Gregg,
2007; Jiménez et al., 2004; Sparks & Lovett, 2010). However, nowdays, there has been
particular concern among researchers and practitioners with identifying the remaining
difficulties shown by adults with dyslexia, and developing intervention programs to
reduce their difficulties (Goswami, 2010; Guzman et al., 2004; Luque et al., 2011; Metsala,
1999; Nicolson & Fawcett, 1990; Sally E. Shaywitz, 2005; Snowling, 2000). In addition, it is
a topic of interest because of the high prevalence found in this population. According to
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the British Dyslexia Association, it is estimated that between 10% and 15% of the world
population has some LD, and the percentage of dyslexic people is around 8% (Jameson,
2009). According to the European Dyslexia Association, the estimation of European
citizens with dyslexia are between 4% and 10% (Kalmar, 2011). In Spain, the Dyslexia
Association of Jaen has estimated a prevalence of dyslexia of between 5% and 15% among
the general Spanish population, and between 6% and 8% among university students,
although an exact percentage is unknown and it is believed that this percentage may
increase in coming years (Bassi, 2010). Considering this population of university students
with LD (10-15%) support services and resources should be increased in the university
context. Moreover, 80% of college students with a LD claim that their academic
performance is severely affected by their difficulties (Ingesson, 2007), which confirms the
importance of considering services and resources for these students. Thus, services for
these students must be increased, and resources that treat the specific deficiencies of the
students must be created to improve their academic performance so that they can
advance at the same pace as their peers. Moreover, these services and resources may
motivate otherwise reluctant students to register in different university programs. Many
of them do not register because of their LD, which makes them lose their self-esteem and
feel intimidated and unable to continue beyond high school (Ingesson, 2007).

In Spain, the Organic Law of Education (LOE) (adopted in May 3, 2006) recognizes
dyslexia as a Learning Disability independently from other special educational needs. The
LOE states that: “... corresponds to the education authorities ensure the necessary resources that
students who need an educational different from the ordinary, due to specific learning disabilities,
..., can achieve the maximum development of their personal skills and, in any case, the objectives
established general for all students.” However, despite the undoubted breakthrough that this
law led to students who have these conditions, the scope was limited to compulsory
education levels (primary and secondary) and therefore be exempt from its application
not mandatory in higher levels such as the university level.

Both the definition of dyslexia and empirical research on this issue make it clear that
this disability is not specific to children but can persist into adulthood (Callens et al.,
2012; Hatcher et al., 2002; Swanson & Hsieh, 2009). For instance, dyslexia definition
proposed by (Lyon et al., 2003) (see Section 2.8.1), is characterized not by age but the
presence of difficulties in the recognition of words mainly with a deficit in the
phonological component of language (Ben-Dror, Pollatsek, & Scarpati, 1991; Bruck, 1990,
1992, 1993a; Jiménez & Hernandez-valle, 2000). The recognition of words, and all
cognitive processes related to it and associated with the presence of dyslexia are crucial in
the acquisition and development of reading in children and adults. These cognitive
processes will be explained in Section 2.8.6.

2.8.5 Compensatory strategies

Despite their difficulties and the still underperforming in reading-related tasks, many
dyslexic students could develop compensatory strategies to help them succeed in their
studies (Firth et al., 2008; Lefly & Pennington, 1991; Mellard et al., 2010; Niemi, 199§;
Ransby & Swanson, 2003) and get into university (Callens et al.,, 2012; Hatcher et al.,
2002). For instance, in Firth et al. (2008) a study on the coping strategies and strategy-
based feedback used by students is presented. This study discuss some coping skills such
as positive thinking, assertion, goal setting, and problem solving, as well as seeking
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support from teachers, so that they can provide them appropiate resources. Scanlon et al.
(1998) found in some of their studies, the need to include learning styles, characteristics of
students, effective tutoring strategies and lesson planning, materials/resources, and
cultural differences; as well as include training sessions, tutor manual, private
consultation, workshops, and self-study. Coffield, Moseley, Hall, & Ecclestone (2004) also
describe the importance of including the learning styles in order to help students with LD
to identify compensatory strategies they could use. They also provide an extensive list of
leaning styles tools and theories. More specifically, Lefly and Pennington (1991) describe
strategies to improve spelling. Mellard et al. (2010) describe strategies to improve reading
comprehension. Mishoe (1994) found differences between the preferred learning styles
for males and females which could be considered. On the other hand, Ransby & Swanson
(2003) pose that students who know their particular difficulties since childhood can
develop more compensatory strategies than those who do not know it until adulthood.
He concluded that identified dyslexic students (i.e., diagnosed) can do better certain tasks
than those who have not been identified.

Identifying compensatory strategies promotes the independence of level of LD
(Hellendoorn & Ruijssenaars, 2000; Nufez et al.,, 2005a; Raskind, Goldberg, Higgins, &
Herman, 1999; Sideridis, Mouzaki, Simos, & Protopapas, 2006). Students who are or
become aware of their particular difficulties, and are creative to find alternative learning
strategies to cope with them (i.e., focus on their learning preferences and / or learning
styles), manage to take control of the challenges imposed by these difficulties (Goldberg
et al., 2003; Raskind et al., 1999; Reiff, Gerber, & Ginsberg, 1994).

However, many students are at risk of passivity in the face of difficulty, which
manifests as learned helplessness (Bender, 1987; Borkowski, J., Weyhing, R., & Carr, 1988;
Nufiez et al.,, 2005b; Sideridis et al., 2006), which leads students to avoid enrolling in
university programs, or delays or fails obtaining undergraduate degrees by those who
are enrolled.

2.8.6 Cognitive processes involved

The complexity of the reading activity, often goes unnoticed to the skilled reader. The
skilled reader has a subjective impression of which to read, and understanding a word is
an entirely automatic activity. In addition, the process of understanding a word, either
auditory or visualy, is extremely fast and can give the impression that the process is
simple and less complex. Moreover, he/she thinks that recognizing a word, is to establish
a simple association between the results of sensory analysis of the stimulus and a lexical
representation in the memory. However, psycholinguistic research has revealed that the
nature of this connection can not be reduced to mere associative mechanisms but
involves negligible complexity. Reading is an activity that involves operating with
abstract segments or phonemes that make no sense, complicating this task and making it
difficult and arduous. In turn, the reader must assign a syntactic value to words, to
construct the meaning of sentences and phrases, must develop the overall meaning of the
text, and even to make a series of inferences based on his/her own knowledge (De Vega,
Carreiras, Gutiérrez, & Alonso, 1990). The immediate consequence of this complexity is
that reading requires an explicit and systematic instruction. However, this statement does
not guarantee success in all cases and, consequently, a large proportion of students do
not get to acquire the appropriate expertise to use this skill as a tool for learning.
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Consistent with the contributions of cognitive psychology in recent years, reading is
conceptualized as a complex cognitive process, consisting of a multitude of operations
that are not observable to the reader eye. They are made, as mentioned above, at high
speed to be automated. When reading different cognitive processes at different levels are
performed, ranging from visual perception of letters to obtain the overall meaning of the
text.

De Vega et al., (1990) consider reading as a multiple activity in which "our cognitive
system identifies letters, performs a transforming letters into sounds, builds a phonological
representation of the word, go to the multiple meanings to this word, select an appropriate
meaning to the context, assign a syntactic value to each word, constructs the meaning of the
phrase, integrates the meaning of the sentences to develop the overall meaning of the text, make
inferences based on world knowledge, etc. (..). The entire reading process involves the
construction of the overall meaning of the text. "

Therefore, when attempting to address the processes involved in reading, there are
many terms used: word recognition, lexical access, word identification, word perception,
comprehension of words, etc. (Cuetos & Valle, 1988; Santiuste & Gonzalez-Pérez, 2005),
but certainly, the most common terms to refer to these processes are the first two: word
recognition and lexical access.

When expert readers face with written words, firstly, a visual-orthographic analyzer
collects, analyzes and identifies the physical features of the graphics stimuli. This
information goes to a sensorial memory called "iconic memory" and then immediately
goes to the "short-term memory," in which recognition operations of letters and visual
patterns of words are conducted. This first stage is called word recognition (i.e. phonological
and orthographic processing). Secondly, words are associated with the concepts they
represent, which are stored in a "mental lexicon" in the long-term memory (phonological,
orthographic and semantic inventory of all known words). The visual information is used
to identify the word as belonging to the language, once it has been identified, the subject
access to information associated with it, mainly to its meaning. This second stage is called
lexical access (Forster, 1976; Marslen-Wilson, 1987; Swinney, 1979).

More specifically, phonological processing refers to the process that the reader performs
prior to word recognition. To translate a word written in its phonological form prior to
lexical access, there must be a set of rules that convert the grapheme(s) in its
corresponding phonem(s). The complexity of these transformation rules depends on the
language, particularly, on the direct or simple that an orthographic system represents its
phonology (declared as orthographic transparency). However, despite the evidence for
the role of this type of processing (Perfetti, C. A., Zhang, S., Berent, 1992), some related
works have questioned that it represents a unique way of lexical access (Frederiksen &
Kroll, 1976). In this sense, different models have been defined such as: the dual-route
(Coltheart & Rastle, 1994), which proposes the existence of an indirect pathway mediated
by phonology (phonological processing) and a direct route from orthography (orthographic
processing). Research on the influence of phonological and orthographic processing in
reading, have shown that in visual word recognition exists both phonological and
orthographic encoding, acting independently and at different times (Grainger & Ferrand,
1996). Thus, there is a strong association between phonological processing and reading
performance, with possible finding of deficits in people with dyslexia (Booth, Perfetti,
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MacWhinney, & Hunt, 2000). Moreover, given that phonological processing would be a pre-
processing step prior to orthographic processing (Waters, Seindenberg, & Bruck, 1984) this
type of processing could be similarly deficient presented in people with dyslexia.

Furthermore, there are other cognitive processes, which their deficits are associated to
the presence of dyslexia, and therefore, they are equally relevant to the identification of
dyslexia. These processes are: processing speed, working memory and semantic processing.
Regarding the processing speed it has been stated that slowness in processing, influences,
by means of a delay, letter identification, compromising the speed and activation of those
letters and preventing to capture the patterns that occur in written language. Thus, some
studies have shown that there is evidence that in dyslexia can be presented associated
deficits in processing speed, i.e. in the processes that underlie rapid recognition and
retrieval of visually-presented linguistic stimuli (Fawcett & Nicolson, 1994; Naslund &
Schneider, 1991; Van den Bos, 1998; Heinz Wimmer, 1993; Yap & Van der Leij, 1993).
Regarding, the working memory can be defined as an ability to maintain and manipulate
necessary information in the short term to generate actions close in time, for this reason it
has been considered an important variable in learning to read (R. Bull & Scerif, 2001).
Several studies have found deficits in verbal working memory in children with dyslexia
(Felton, R.H., Wood, F.B., Brown, L.S., Campbell, S.K., Harter, 1987; Siegel & Heaven,
1986; Siegel & Ryan, 1989). Regarding semantic processing consists in extracting the
meaning of sentences and integrates it into memory. Integration in memory is important
as long as the process of understanding does not end until new information is added to
one which the reader already possesses (Schank, 1982). Some authors suggest that poor
readers have difficulty in processing phonological information and this in turn affects
other processing modules such as the semantic (Bar-Shalom, Crain, & Shankweiler, 1993;
Smith, S.D., Macaruso, P., W.J., Shankweiler, D., Crain, 1989).

Table 2-6 summarizes the description of each aforemenditoned cognitive processes
involved in reading, which may be altered in people with dyslexia.

Table 2-6. Summary of cognitive processes involved in reading

Cognitive process IDescription

Phonological processing |This process refers to the ability to separate the units into which speech can be
divided: the phonemes or sounds that make up the words. This is a major deficit in
dyslexia and is characterized by difficulty in acquiring, consolidating, and
automating sounds of the words (Jiménez, 1997).

Orthographic processing [This process involves recognizing the word as an orthographic pattern and
retrieving its pronunciation from memory (via the visual route). Although research
in this process has received less attention than phonological processing (Diaz, 2007),
it is important to note that people with dyslexia present a deficit in orthographic
processing (Farmer & Klein, 1995), probably due to a deficit in phonological
processing (Bruck, 1993a; Share & Stanovich, 1995).

Lexical access This is the process involved in obtaining the meaning of written words. This can
occur over two routes (Coltheart & Rastle, 1994): one that directly connects graphic
signs with meaning (visual route) and another that transforms the graphic signs into

their corresponding sounds and uses those sounds to access the meaning
(phonological route). This process is essential for proper reading performance and its
impairment is considered a major deficit in dyslexia (Jiménez & Hernandez-valle,
2000).

Processing speed This process refers to the speed in which stimuli are processed. Slowness in naming
familiar visual stimuli may be related to dyslexia (Fawcett & Nicolson, 1994; H.
Wimmer, Mayringer, & Landerl, 2000). When a person reads a series of processes




Chapter 2

Cognitive process IDescription ‘
similar to those carried out in tasks measuring processing speed (attention to the
stimulus, visual processes, access and retrieval of phonological labels, activation and
integration of semantic information, etc.) are required.

Working memory This is the ability to temporarily retain information in memory, work with it or
operate on it, and produce a result. Working memory is important in reading
because readers have to decode and recognize words as they remember the meaning
of what they have read. It has been suggested that the underlying deficit in dyslexia
is in working memory and that that can be attributed to difficulties accessing or
using phonological structures (Bar-Shalom et al., 1993).

Semantic processing This process refers to understanding and interpreting written information. This
processing involves the extraction of meaning from text and the integration of
information in memory. This process involves readers’ background knowledge about
what they are reading (a text), which will facilitate a mental representation of the
entities evoked by the text (Fayol, 1995).

All these processes are essential for reading comprehension to be successful, and not
all students perform them properly, and as a consequence, there are individual
differences and hence, learning difficulties that may have a different origin (i.e. different
cognitive processes that can be affected) in each case.

2.8.7 Assistance through technology

As mentioned before, dyslexia is a common LD in university students and requires a
special attention by experts (e.g., educational psychologists) and teachers in order to
provide suitable learning materials (e.g., activities, resources, feedback, etc.) and training
activities (e.g., exersices, games, etc.) that support and benefit assistance during the
learning process. Thereby, there is notable challenge with regards to using technology
that support students with dyslexia, and thus, facilitate the learning process and
assistance of affected students by supporting materials and activities that are not
necessarily provided during school hours due to busy learning schedule to be followed.

In the past years, several studies that involve technologies have been applied to
children: detecting population of children with dyslexia, assessing their cognitive
processes to determine specific deficits and creating assistance programs to improve
their learning efficiency to read and write (Guzman et al., 2004; Luque et al., 2011;
Nicolson & Fawcett, 1990). However, as mentioned before, research in LD has shown that
the dyslexia problem can persist into adulthood. Thus, a new challenge is the use of
technologies with adults.

Furthermore, other studies have shown that detection, assessment and assistance
supported by technologies (i.e., using web-based software) tend to increase affected
students” motivation and personalize their learning process (Barker & Torgesen, 1995;
Rojas, 2008; Wise et al., 2000). Technologies also help these students progress in skills
development and enhance their learning performance (Rojas, 2008; Taylor et al., 2004).
Additionally, the benefits of using assistive technology (e.g. speech recognition systems,
screen readers, and talking spell checkers) are considered in compensatory strategies for
these affected students (Hetzroni & Shrieber, 2004; MacArthur, 1999). Finally, technology
encourages a new challenge: to promote student reflection on their learning (skills,
difficulties, preferences, misconceptions, etc.) (S. Bull, Mcevoy, & Reid, 2003; Collins &
Brown, 1988; White, Shimoda, & Hall, 1999). However, this challenge has not been




Theoretical Foundations

undertaken in university students with dyslexia and/or reading difficulties (Goldberg et
al., 2003; Raskind et al., 1999).

Further sections expose the methods and tools that enable the detection of difficulties
related to reading and compensatory strategies, as well as the assessment of cognitive
processes and assistance of university students with dyslexia and/or affected with some
reading difficulties.

2.9 Detection, Assessment and Assistance to Dyslexia

In Spain research studies about LD, and particularly dyslexia, have focused mainly on
primary school and few on secondary school (Bassi, 2010; Giménez de la Pena et al., 2010;
D. Gonzalez et al., 2010). Little work has been done at the university level (Gregg, 2007;
Jiménez et al., 2004; Sparks & Lovett, 2010). This lack of studies on university level may
reveal that the intervention initiated in primary or secondary school does not continue
into university. That is, there is no advice or support given after secondary school, and
older dyslexic students have to cope with their reading difficulties on their own, affecting
the development of professional skills. Moreover, if the student’s difficulties have not
been identified in primary or secondary school, they are not likely to be detected later on.
As a result, students might fail, or even drop out (Ingesson, 2007), because they lose their
self-esteem, feel intimidated, and are unable to continue beyond secondary school.
Thereby, there is a research challenge to determine the compensatory strategies that
university students may develop and the cognitive processes that they have altered, so as
to provide them with personalized assistance.

Thus, it is necessary to study methods and tools that enable the detection of
difficulties related to reading and compensatory strategies, as well as the assessment of
cognitive processes and assistance of university students with dyslexia and/or affected
with some reading difficulties.

2.9.1 Detection of difficulties related to reading

As mentioned in Section 2.8.5, despite their difficulties, many dyslexic students
(diagnosed or not) could develop compensatory strategies to help them succeed in their
studies, and get into university. Furthermore, in Spain, university students are not
questioned about their LD when they enter into university. Accordingly, there are a
growing number of dyslexic students in higher education that may not have been
detected when they started their studies at university. As a consequence, higher
education institutions are in clear need of specific resources to detect students with or
without a previous diagnosis of dyslexia that still show reading difficulties (i.e.,
particular reading difficulties or dyslexia symptoms), and identify which reading skills
this population lacks in order to provide advice and support to them. Accordingly,
research has indicated that self-report questionnaires could be a suitable tool to achieve
these two goals.

Self-report questionnaires have aroused interest because they have been proven to be
valid and reliable tools for recalling information about personal history and current
difficulties (Gilger, Geary, & Eisele, 1991; Gilger, 1992; Lefly & Pennington, 2000).
Although it could be argued that the answers might be too subjective, the individuals
that describe themselves as having reading difficulties tend also to obtain lower scores on
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specific tests. The high correlations found in many studies have shown that adults with a
history of reading difficulties could provide a precise description of their limited abilities.
For example, in an early study about young children’s risk of developing dyslexia,
Decker, Vogler, and Defries (1989) found that parents who reported having had problems
in learning to read obtained lower scores on reading tests. Gilger (1992) compared the
antecedents of 1118 children and adults collected by questionnaire and interview with the
results of several tests. Despite some individual differences, a high correlation was found
between self-evaluated reading skills and the scores obtained with the tests. In another
study designed to explore self-report questionnaires’ suitability for estimating dyslexia in
adults, after evaluating 79 adults, Schulte-Korne, Deimel, and Remschmidt (1997) found
88% coincidence between psychometric measures and the self-report evaluation. Similar
results were obtained by Remschmidt, Hennighausen, Schulte-Korne, Deimel, and
Warnke (1999). Also, Lefly and Pennington (2000) found that the participants” answers to
the questionnaire correlated significantly with their performance on reading tasks. These
results were interpreted as proof that self-report questionnaires are reliable tools,
although their predictions should be validated by a thorough exploration of the
participants” abilities. Likewise, Wolff and Lundberg (2003), in a study aimed at
designing a battery for screening adults with dyslexia, found that the self-report
questionnaire discriminated between normal and poor readers as efficiently as
orthography or spoonerism tasks. They concluded that the dyslexics” awareness of their
own difficulties makes them reliable respondents.

Furthermore, self-report questionnaires have been successfully used with other tools
as criteria for selecting the participants of several studies of reading development and
difficulties (Birch & Chase, 2004; Fink, 1998; Hatcher et al., 2002; Lyytinen et al., 2006;
Natale et al., 2008; Pennala et al., 2010; Pereira-Laird, Deane, & Bunnell, 1999; Ramus et
al., 2003; R. Reid, Bruce, Allstaff, & McLernon, 2006; Snowling, Adams, Bowyer-Crane, &
Tobin, 2000; Torppa, Lyytinen, Erskine, Eklund, & Lyytinen, 2010).

The findings of these studies provide evidence in support of self-reports as highly
predictive tools that can reveal dyslexic high performers, who may not have a previous
diagnosis, but nevertheless exhibit subjective symptoms implying dyslexia. Although
unable to provide a diagnosis, self-reports are easy and quick-to-use tools to recognize
students with limited reading abilities, and the difficulties exhibited by this population.
These attributes make them handy tools to assign students with dyslexic symptoms into
study groups for further in-depth assessment, and to provide specialized advice and
feedback to overcome their difficulties.

2.9.2 Detection of compensatory strategies

As mentioned before in Section 2.8.5, development of compensatory strategies helps
students with reading difficulties to succeed in their studies, as well as identify these
strategies helps promoting the independence on these students to perform their learning
activities.

In this sense, several studies have demonstrated the relevance of detecting the
learning styles of these students can help them to identify and develop the most effective
compensatory strategies they could use to learn (Coffield et al., 2004; Mortimore, 2008; G.
Reid, 2001; Rodriguez, 2004; Scanlon et al., 1998).
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Basically, the importance of detecting the learning styles is to identify the strengths
and preferences in learning that have allowed affected students advance in their studies.
Thus, some issues raised for studying the learning styles of students with reading
difficulties are: How these students learn? How can these students improve their
performance? and How to enhance their learning?. Moreover, many of these students
have acknowledged that their learning styles have helped them: to understand the ways
in which they learn, to understand their strengths and their weaknesses, and to develop
appropriate strategies (Cooper, 2006; Sumner, 2006). Additionally, identifying the
learning styles of each student contributes to enhance the quality of learning process
(Felder, 1989, 1990; Montgomery, 1995; Rosati, 1988, 1996, 1999; O. C. Santos & Boticario,
2009), hence teachers and experts can offer adapted materials and activities to the
learning preferences of each individual.

2.9.21 Learning styles

Learning styles refer to the procedures, methods or strategies used by students to select,
process and work with information (Keefe, 1979). People perceive and acquire knowledge
in different ways, they have their own methods or strategies to learn, and think and act
differently. This means that each individual responds to various situations and learning
environments, according to their particular learning preferences or learning style.

Thus, if students identify their learning styles, they will become more motivated to
learn by knowing more about their own strengths and weaknesses as students (C. S.
Gonzalez, 2001). In addition, teachers and experts can respond to individuals' strengths
and weaknesses, aiming to raise the achievements in classrooms.

There is not a single definition for learning styles. For instance, Honey & Mumford
(1986), defined learning styles as “a description of the attitudes and behaviours which
determine an individual’s preferred way of learning”. Felder (1996) defined learning styles as
“characteristic strengths and preferences in the ways they (students) take in and process
information”. James and Gardner (1995) defined learning styles more precisely by saying
that learning style is the “complex manner in which, and conditions under which, learners most
efficiently and most effectively perceive, process, store, and recall what they are attempting to
learn”.

Moreover, there are different approaches to classify the learning styles and several
tools proposed by researchers so as to detect the learning styles of students (regarding the
classification approach) (Coffield et al., 2004; Curry, 1987; Graf, 2007, Mortimore, 2008;
Rodriguez, 2004; Vélez, 2009). In next section some of these proposals are presented.

2.9.2.2 Tools for detecting learning styles

As mentioned before, there are many classification proposals for learning styles and
several tools to detect them. In the next list some of these proposals and tools used to
detect them are presented:

e Allinson and Hayes” Cognitive Style Index (Allinson & Hayes, 1996).

e Apter’s Motivational Style Profile (Apter, 2001).

e Dunn and Dunn’s model (R. Dunn, Dunn, & Price, 1985).

e Entwistle’s Approaches and Study Skills Inventory for Students (Entwistle,
McCune, & Walker, 2001).
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e Felder-Silverman’s Index of Learning Styles (Felder & Silverman, 2002).

e Field-Dependent and Field Independent Cognitive Styles (Witkin & Goodenough,
1981).

e Grasha-Riechmann’ model (Grasha & Riechmann, 1974).

e Gregorc’s Mind Styles Model and Style Delineator (Gregorc, 1985).

e Herrmann’s Brain Dominance Instrument (Herrmann, 1989).

¢ Honey and Mumford’s Learning Styles Questionnaire (Honey & Mumford, 2006).

e Jackson’s Learning Styles Profiler (Jackson, 2002).

e Kolb’s Learning Style Inventory (Kolb, 1984).

e Myers-Briggs Type Indicator (Myers & McCaulley, 1985).

e Sternberg’s Thinking Styles Inventory (Sternberg, 1985).

e Vark model (Fleming & Mills, 1992).

Aditionally, some of the listed tools have been implemented and validated in different
e-learning systems, aiming to detect, store and clasify the students according to their
learning styles, and provide them with adapted educational materials tailored to their
individual learning preferences. Table 2-7 summarices the learning systems in which
tools have been implemented (Mejia, 2009).

Table 2-7. Summary of learning styles’ tools implemented in e-learning systems

e-Learning system ILearning styles’ tool implemented ‘
ABITS (Capuano, Marsella, & Salerno,
2000)

CS-383 (Carver, Howard, & Lane, 1999)
LSAS (Bajraktarevic, Hall, & Fullick,
2003) Felder-Silverman’s Index of Learning Styles (Felder & Silverman,
MAS PLANG(Pefia, 2004) 2002)

MOODLE (Graf, 2007)

SPORAS (Schehing, Carrasco, Guerra, &
Parra, 2005)

TANGOW (Paredes & Rodriguez, 2006)
WHURLE-HM (E. Brown et al., 2006)
AHA! (Bra & Stash, 2002) Honey and Mumford’s Learning Styles Questionnaire (Honey &
INSPIRE (Grigoriadou, Papanikolaou, Mumford, 2006).

Kornilakis, & Magoulas, 2001)
AES-CS (Triantafillou, Pomportsis, & Field-Dependent and Field Independent Cognitive Styles (Witkin &

Georgiadou, 2002) Goodenough, 1981)

iWEAVER (Wolf, 2002) Dunn and Dunn’s model (R. Dunn et al., 1985)
MOT (Stash, Cristea, & De Bra, 2004) Kolb’s Learning Style Inventory (Kolb, 1984).
[STA2004]

2.9.3 Assessment of cognitive processes

After symptoms present in dyslexia and compensation strategies used to overcome these
symptoms are detected (see Section 2.9 and 2.9.2 respectively), psychometric tests are
conducted so as to: confirm the diagnosis and define the cognitive profile of students
(related to cognitive processes involved in reading, which can affect the learning process).

As explained in Section 2.8.6, during reading a set of stages are performed without the
person being aware of them and which take place while the eye moves by words. These
stages are accompanied by operations performed by the cognitive processes (that have
been developed) related to reading. For example: phonological and orthographic processing
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are responsible for understanding and applying the rules of grapheme-phoneme
correspondence (Rack, ]J. P, Snowling, M. ], Olson, 1992); the working memory is
responsible for both processing requests and storage (Baddeley, 1981); the processing speed
which refers to the processes underlying the rapid recognition and retrieval of linguistic
stimuli presented visually (Fawcett & Nicolson, 1994); and the semantic processing that is a
necessary component to access the meaning of written material.

Kaufman (2000) states that if it is suspected the existence of dyslexia, it is important to
have an assessment of cognitive processes to better understand the problem. The results
of such tests will determine whether an individual is eligible for appropriate assistance.
The assessment provides a basis on which to make educational recommendations and to
determine the basis on which to establish psychology intervention programs. Figure 2-5
summarizes an assessment process for students so as to determine possible presentation
of dyslexia (E. Garcia, 2004).

‘ Observe readingdifficulties ‘

v

‘ Collect additionalinformation from the student ‘

v

Consider all information collected (i.e., age, academic level, considerations made by teachers,
experts, university services, etc.)

¥

Take appropriate action to the student (i.e., if the student shows dyslexia symptoms, proceed to
assess the student for dyslexia)

v Y

NONE OR SOME v CHARACTERISTICS THAT
CHARACTERISTICS OF 6—){ DYSLEXIA SYMPTOMS }(——-) SUGGEST NEED FOR
DYSLEXIA SPECIAL EDUCATION
v v ¥
Acting to improve Take actions Acting to intensify Recommend Recommend to
second language || related to vision, reading assessment for special education
acquisition hearing, etc. instruction dyslexia program

|

‘ Determineifthe student has dyslexia ‘

|

‘ Determine the appropriate assistance ‘

Figure 2-5. Process evaluation to determine if students have dyslexia. Extracted from
Garcia (2004)

Consequently, the assessment should aim to discover meaningful information from
the possible affected student by identifying the cognitive processes related to reading that
are deficient. Therefore, the assessment consists of tests — also referred to as instruments,
batteries or tasks — that access and retrieves information about the assessed cognitive
processes (i.e., phonological and orthographic processing, working memory, lexical access,
processing speed, semantic processing).

2.9.3.1 Assessment tests

Different assessment tests (also known as “batteries”) have been proposed to identify LD,
and particulary dyslexia. Some of the tests are available for sale or are in the public
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domain, and are not connected with a particular core curriculum. The tables presented
below (see Table 2-8 to Table 2-12) shows an overview of existing tests identified from
related research works. Assessment tests have been categorized in groups for a greater
understanding of their scope (Santiuste & Gonzalez-Pérez, 2005), namely: intelligence
tests, general and specific aptitude tests, achievement tests, personality tests, and reading
and writing tests.

Information of identified tests and showed in next tables consists of: abbreviation and
name of the test with the original author and creation year, the age (in years) of the
people with whom it can be used, the administration format (individual, collective or
both), the type of test (verbal, non-verbal, or both), and finally whether or not the test has
been oriented to be filled through computer (automated).

e Intelligence Tests (see Table 2-8). These tests try to measure people’s potential
ability or learning capacity. These tests measure a person’s intellectual capacity
(or IQ) using different tasks focusing on, for example, cognitive ability, perceptual
ability, comprehension skills, ability to abstract, mathematical ability, verbal and
mathematical reasoning, vocabulary, memory, speed processing, and visual and
auditory processing. The importance of intelligence tests as a tool for LD detection
is in the discrepancy between the value obtained from the IQ (an average level for
students with LD) and academic achievement (abnormal or deficient level for
students with LD) (Santiuste & Gonzalez-Pérez, 2005; Sparks & Lovett, 2010).
Several of the tasks that make up the intelligence tests are used in schools and
colleges to identify different types of LD and many of these tests are fairly
complete tools that can provide specific details about students’ difficulties in
reading, writing, math or language.

Table 2-8. Intelligence tests

Abbreviation Name Age | Application | Test type
RAVEN (Raven, 1936) |Raven’s Progressive Matrices 6-65 Individual/ Non-verbal |Y
Collective

D-48 (Anstey, 1990) Dominoes Test 10-65 |Collective Non-verbal |Y

WIJ-R (Richard W. Woodcock-Johnson Psycho- 5-95 Individual/ Verbal/ Non- |Y

Woodcock, 1990) Educational Battery Collective verbal

FACTOR “G” (Cattell |General Intelligence Factor, test |4-15+ |Individual Non-verbal |Y

& Cattell, 1994) of scale1,2,3

WAIS-III (D. Wechsler, |Wechsler Adult Intelligence 4-94 Individual Verbal/ Non- |Y

1997) Scale verbal

KAIT (A. S. Kaufman |Kaufman Adolescent and Adult |11-85 Individual Verbal N/A

& Kaufman, 1993) Intelligence Test

IGF (Yuste, 2001) General Factorial Intelligence 7-19+  |Individual Verbal/ Non- |Y
test verbal

e General and Specific Aptitude Tests (see Table 2-9). These tests as intelligence
tests, can measure intellectual capacity. However, they can also evaluate
important learning skills and basic aptitudes (such as verbal, numerical, spatial,
reasoning, and memory). These include indicators to measure expression
capability, imaginative capability, information processing capability, reasoning
and comprehension abilities, cognitive abilities, spelling, memory, and verbal
fluency. These tests are all made up of different tasks (e.g., vocabulary, spelling, or
arithmetic tests) which can be used together or individually to detect the possible
existence of an LD.
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Table 2-9. General and specific aptitude tests

Abbreviation Name Age | Application | Testtype | Automated
PMA (Cordero, 1984) |Primary Mental Abilities 10+ Collective Verbal Y
DAS (Elliot, 1990) Differential Ability Scales 2-18 Collective Verbal N
TEA (Thurstone & Test of Education Ability 8-18 Collective Verbal Y
Thurstone, 1994)

TOMAL (Reynolds & |Test of Memory and Learning  |5-19 Individual Verbal/ Non- |Y
Bigler, 1994) verbal

GMA (Blinkhorn, Graduate and Managerial 18+ Collective Verbal Y
1999) Assessment

DAT-5 (Bennett, Differential Aptitude Test 5-18+ |Collective Verbal/ Non- |Y
Seashore, & Wesman, verbal

2000)

EFAI (Santamaria, Factorial Assessment of 8-18+ |Collective Verbal Y
Arribas, Perena, & Intellectual Aptitudes

Seisdedos, 2005)

e Achievement Tests (see Table 2-10). These tests measure a student’s achievement
in realizing a task. They can also measure failures that limit the effectiveness of
learning. Tests are used to measure the acquisition, encoding, retrieval and
improvement of knowledge, to assess cognitive strategies, and to examine
environmental issues, study plans, the use of materials and the assimilation of
content. Achievement tests are very useful for diagnosing LD, because they
analyze the students’ academic performance in achieving the proposed objectives
in a corresponding curriculum by their age and grade. They measure different
academic aspects using a variety of subtests such as reading fluency, passage
comprehension, writing fluency, picture vocabulary, and sound awareness tests.

Table 2-10. Achievement tests

Abbreviation Name Age | Application | Testtype | Automated
ACRA (J. M. Romén & |Abridged ACRA Scale of 12-16  |Individual/ Verbal N
Gallego, 1994) Learning Strategies Collective
IHE (Pozzar, 1989) Inventory of Study Habits 12+ Collective Verbal/ Y

Nonverbal
EPA-2 (Fernandez, Learning Potential Assessment |5+ Collective Non-verbal |N
2000)
WJ I ((R. W. Woodcock-Johnson Test of 2-90+ |Individual/ Verbal/ Non- [IN/A
Woodcock, McGrew, |Achievement Collective verbal
& Mather, 2001)
WIAT II (David Wechsler Individual 4-85 Individual Verbal N/A
Wechsler, 2001) Achievement Test

e Personality Tests (see Table 2-11). These tests can accurately identify the main
characteristics of a person's behavior, and thus determine learning strengths and
weaknesses. These tests measure aspects of personality such as leadership and
social skills, attention problems, hyperactivity, ability to work in a team, and self-
assuredness. For LD detection and the definition of possible causes and
treatments it is important to measure the emotional, motivational and personality
aspects of students as well as their metacognitive processes. Moreover, it is
necessary to identify the existence of serious imbalances that are exclusive to the
LD, like neurosis, striking alterations of behavior, and others.
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Table 2-11. Personality tests

Abbreviation Name Age | Application | Testtype | Automated
BASC (Reynolds & Behavioral Assessment System  |3-18 Individual/  |Verbal/ Non-|Y
Kamphaus, 1992) for Children and Teenagers Collective verbal
16PF-APQ (Birkett-  |Adolescent Personality 1220  |Individual/  |Verbal/ Non-|Y
Cattell, 1989) Questionnaire Collective verbal
BIP (Hossiep & Bochum Inventory of Personality |18+ Collective Verbal/ Non- [N
Parchen, 2006) and Competencies verbal
MIPS (Millon, 2003) Millon Inventory of Personality |18+ Individual/ Verbal/ Non- | Y

Style Collective verbal

e Reading and Writing Tests (see Table 2-12). These tests identify people with
specific disorders in either of these two skills: reading and writing. They analyze
specific problems in areas that include reading and writing ability, reading
comprehension, speaking, verbal and written reasoning, and vocabulary. They
can also be used to find the causes of reading-writing difficulties and identify
whether the problem is related to a lexical or phonological route, i.e., students
cannot visually connect the spelled form of a word with its meaning or they
cannot comprehend the meaning through the sound of a word. Other tests for
detecting LD in reading and writing are: Reading Comprehension Test (Lazaro,
1996), Halstead-Reitan Neuropsychological Test Battery (Reitan & Wolfson, 2004),
Communicative Abilities in Daily Living (CADL-2) (Holland, Frattali, & Fromm,
1999), Test for examining for aphasia (Ducarne de Ribaucourt, 1977), Examining
For Aphasia (EFA-3) (Eisenson, 1954), Exploration and Differential Diagnosis in
Aphasia (Borregon, 2000), Silent Reading (Fernandez, 1991), EVOCA (Sudrez, A.,
Seisdedos, N. y Meara, 1998), TALE (Toro, Cervera, & Urio, 2002), and Reading
Comprehension Evaluation (ECL-2) (De la Cruz, 1999).

Table 2-12. Reading and writing tests

Abbreviation | Instrument name I Age I Application I Test type | Automated
BDAE-3 (Goodglass & |Boston Diagnostic Aphasia 18+ Individual Verbal Y
Kaplan, 1976) Examination
PIENB (Pefia-Casanova, |[Barcelona Test 20+ Individual Verbal N/A
1991)

Nelson-Denny (J. I. Nelson-Denny Reading Test 9-18+  |Collective Verbal Y

Brown, Fishco, &

Hanna, 1993)

WRAT-3 (Wilkinson, Wide Range Achievement Test - |5-75 Individual/ Verbal N/A

1993) Third Edition Collective

RA+PD (Riart, 1994) Verbal reasoning test and 8-18 Collective Verbal N/A
development program

PROLEC-SE (Ramos & |Assessment of reading 10-16  |Individual/ Verbal Y

Cuetos, 1997) processes Collective

UGA (Gregg, 1998) UGA Phonological / 14+ Individual Verbal Y
Orthographic Battery

PROESC (Cuetos, 2002) |Battery of writing process 8-15 Individual/ Verbal N
assessment Collective

SICOLE (Jiménez et al., |Assessment system for the 7-12 Individual Verbal Y

2002) diagnosis of reading disabilities
in the Spanish language

BAIRES (Cortada de Verbal Aptitude Test 15+ Individual/ Verbal Y

Kohan, 2003) Collective

WMLS-R (Alvarado, Bilingual Verbal Ability Tests |5-90 Individual Verbal/ Non- [N/A

Ruef, & Schrank, 2005) verbal
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Abbreviation | Instrument name | Age | Application | Test type | Automated
DN-CAS (Tellado, Cognitive Assessment System |5-17 Individual Verbal/ Non- [N
Alfonso, & Deario, verbal
2007)
PPVT-4 (L. M. Dunn & |Peabody Picture Vocabulary 2-90 Individual Verbal Y
Dunn, 2007) Test

Analyzing in detail the different presented tests proposed for identifying LD, and
particularly those to identify dyslexia, it was observed that the assessment process,
provided by some of the tests previously presented from Table 2-8 to Table 2-12, is
oriented to the definition of a common set of tasks related to Reading (comprehension,
vocabulary, listening, memory and fluency) and Writing (spelling, grammar, dictation
and fluency) skills. Consistenly with the focus of this research work, next in Table 2-13 a
summary of specific types of tasks, regarding reading and writing skills for the
identification of dyslexia is presented.

Table 2-13. Summary of specific tasks to identify dyslexia provided by tests

WJ-R X X X X X X

WAIS-III X
KAIT X X X
PMA X

EAS X
TOMAL X
DAT-5
EFAI X X
WI-III
WAIT-II
BDAE-3
PIENB
Nelson-Denny
WRAT-3
RA+PD
PROLEC-SE
BAIRES
WMLS-R
PPVT-4 X
UGA X X X X
DN-CAS
SICOLE X X X X X X

X
X

X
X

XX XXX |X|X|X

X

X | X X | X

From Table 2-13, only DN-CAS and SICOLE tests which are targeted to children and
the UGA targeted to adults offer specific tasks aiming to assess some of the processes
mentioned above (see Section 2.8.6). However, there is not yet a tool that evaluates all
cognitive processes related to reading in adults and particularly in university students
(e.g., phonological processing, orthographic processing, lexical access, processing speed, working
memory, and semantic processing).
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2.9.3.2  Criteria for diagnosing dyslexia

For the diagnosis of an LD such as dyslexia, one widely used criterion is the discrepancy,
i.e., since in the LD there are associated failures that affect academic performance but the
intellectual capacity remains, discrepancy consist in considering the contrast between the
IQ and the student's academic performance. This criterion was defined by both the APA
in the DSM-IV-TR, and the WHO in the ICD-10. Both APA and WHO states that there is
not a diagnosis of LD when an IQ below 75 is presented (value of IQ stablished for the
diagnosis of mental retardation).

However, discrepancy has not been exempted from criticism. On the one side, the
methods to find the discrepancy have been criticized since different methods could
produce different results, and therefore, there will be the need to estimate what are the
most appropriate methods (D’Angiulli & Siegel, 2004; Forness, Sinclair, & Guthrie, 1983;
Siegel & Smythe, 2006). On the other hand, the concept of discrepancy has been has
criticized. Specifically, the work in Siegel (1989) analyzes and criticizes the assumptions
on which discrepancy criterion is based on. These assumptions are: (1) IQ tests measure
intelligence, (2) intelligence and performance are independent and the presence of LD not
affect IQ scores, (3) the IQ predicts academic performance (i.e., students with low IQ
should be poor readers and students with high IQ score should be good readers), and (4)
students with LD of different IQ levels are qualitatively different (i.e., students with LD
and low IQ are different from students with LD and high IQ).

With regards to the assumption (1), Siegel (1989) explains that the most commonly
used IQ tests do not measure intelligence, understood as reasoning and problem solving
skills. For the assumption (2), Siegel claims that there is no independence between
performance and IQ, since poor readers have deficits in many skills that IQ tests measure.
Sometimes a low IQ is a result of a LD in reading. With regard to the assumption (3),
Siegel argues that we can find students with low IQ and capable of decoding
(hyperlexics) and students with high IQ and reading problems. Finally, the assumption
(4) would be compromised because Siegel provides empirical evidence to demonstrate
that students with LD and low IQ are not qualitatively different than students with LD
and high IQ. From these reviews, Siegel concludes that the concept of discrepancy is not
necessary to diagnose an LD.

However, Siegel (1999) suggests a number of guidelines to follow to identify the LD.
Siegel proposes that a systematic assessment of LD using standardized tests should be
made. In the case of reading, such tests must contain words reading, pseudowords
reading, reading comprehension, and dictation of words, among others. In these tests the
student must obtain a score below the percentile 25 to present a reading difficulty. In this
sense, several studies have found that this score can differentiate individuals with LD
from those with low academic performance by other causes (Fletcher, 1985; D. Gonzalez
et al., 2010; Jiménez & Garcia, 2007; S. E Shaywitz, Shaywitz, Fletcher, & Escobar, 1990;
Siegel & Ryan, 1988).

Thus, following these concepts previously mentioned and putting them into practice,
according to Jiménez & Artiles (2007), students present dyslexia when show the next
indicators:
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e DPoor performance on standardized reading tests (percentile < 25 in reading
pseudowords and percentile > 75 in time of reading words or pseudowords);

e Poor academic performance in reading (e.g., accuracy, speed, or comprehension)
and problems associated with writing (e.g., orthography or spelling) and normal
performance in other curriculum areas where the reading activity is not as
relevant (e.g., mathematics)

e IQ score > 75 in order to exclude intellectual deficit (Siegel & Ryan, 1989).

e After the above criteria are verified, a percentil below 50 on standardized tests of
reading comprehension must be presented.

Consistently, a review from the literature (Diaz, 2007; E. Garcia, 2004; Jiménez &
Garcia, 2007; Rodrigo et al., 2004; Rojas, 2008) suggests that to measure the performance
in reading and reading comprehension, is necessary to conduct standardized tests to
assess cognitive processes related to reading (e.g., phonological processing, orthographic
processing, lexical access, processing speed, working memory, and semantic processing).

2.9.4 Assistance to dyslexia in university students

Assistance to dyslexia is an issue that has concerned researchers and practitioners in the
recent years and is known for being especially practical. Hence, the fact that an important
related line of research to this work has been based on describing the psychological
characteristics of affected students in the university context instead of investigating the
effectiveness of psychology interventions that are applied (Pressley & Forrest-Pressley,
1992).

Here, it is worth noting that from the area of psychology, the term used to refer to the
assistance or support to affected students with dyslexia is "interventional psychology".
Basically, the term refers to the orientation in the teaching-learning processes and focuses
on the inclusion of learning techniques and strategies, as well as in the development of
metacognitive and motivational strategies.

There are several theoretical perspectives that have served as guidelines to carry out
the intervention in dyslexia. One example is the theoretical perspective focused on
cognitive and metacognitive strategies in which teaching is characterized by training in
cognitive processes based on the observations of the execution and of problem solving by
effective learners (Rojas, 2008).

According to Moore (2008) children can benefit more from pedagogical intervention,
while adolescents and adults from adaptations to educational materials or assistance,
tailored to their preferences (strengths).

Studies done on university students with LD have revealed that (1) awareness of their
weaknesses, and then some of their strengths, as well as (2) ability to make decisions and
self-regulate their learning, are powerful predictors for their academic success (Goldberg
et al., 2003; Raskind et al., 1999; Reiff et al., 1994; Werner, 1993).

Accordingly, as mentioned in Section 2.4, opening the user model to the students has
been a successful strategy to promote awareness-raising, which leads to reflection on
learning, and its facilitate self-regulation, thereby the learning process is supported (S.
Bull & Kay, 2008, 2010; Hsiao et al., 2010; Mitrovic & Martin, 2007).
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In this sense, one of the emerging visualization techniques of the learner model and
potential impact on TeL are LA (Campbell & Oblinger, 2007; Ferguson, 2012; Siemens et
al., 2011; Vatrapu et al., 2011; Verbert et al.,, 2011). Basically, these analytics are visual
representations of aggregated data about students, for purposes of understanding their
activity and performance in a fairly intuitive format, thus achieving the optimization of
learning. Additionally, these analytics are quite related to educational data mining,
focusing on the detection of patterns that allow the creation and delivery of personalized
recommendations for resources, activities, people, etc. (Duval, 2011), which may
contribute to the self-regulation.

2.9.4.1 Approaches for learning analytics production

LA solutions allow opening the learner model for understanding the performance and
activity in an e-learning process. Considering the fact that such solutions can be extended
to teachers and even experts (e.g., educational psychologists) in such contexts, this type of
visualizations can also be delivered to different perspectives (e.g., students, teachers, or
experts) and social planes (e.g., student, class, or group).

In TeL, a perspective defines the set of available learning analytics functions for a role
(i.e., student, teacher, etc.) whereas a social plane determines the monitored and analyzed
population related with an activity or outcome (i.e., a single student, a classroom, a
group, etc.). Thus, an teacher can request a particular learning analytic, such as the
performance in a task, either for a single student or for the whole classroom.

Some research works have attempted to monitor students’ activities so as to provide
LA from different perspectives (Florian et al., 2011; Sten Govaerts, Verbert, & Duval,
2011; Schmitz et al., 2009; Zhang et al., 2007). For example, in (Zhang et al., 2007) a log
analysis tool enabled in Moodle, called Moodog, to track and visualize students' learning
activity was implemented. This tool provides teachers with insights about how students
interact with resources, and allow students to easily compare their progress to others in
the class. Schmitz et al. (2009) presented CAMera, a tool that visualizes student activities
and simple metrics of events, e.g. mouse clicks. This tool collects usage metadata from
diverse application programs and makes them accessible to the student for recapitulating
her learning activities. Govaerts et al. (2011) proposed SAM (Student Activity Meter), a
tool that visualizes student activities, such as time spent on learning activities and
resources used, within a LMS like Moodle for perspectives of students and teachers.
Florian et al. (2011) proposed a technical framework to build Activity-based learner
models based on existing data in the Moodle in order to provide evidence for competence
assessment. This requires the consideration of the social planes and perspectives for
accessing Moodle’s tracking data.

All these works seek through LA help students to increase their awareness and to
support self-regulation in their learning process, as well as help teachers to monitor the
students’ progress.

In the case of the dyslexia, there are not existing works that use LA solutions to
provide students with visualizations about their learner model to support them with
their reading difficulties, as well as to provide teachers with insights about the students’
reading difficulties in order to understand and reflect about the strategies they can use
with their students. Thus, a challenge that could be studied to assist students with
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reading difficulties is to promote awareness of their weaknesses and strengths, as well as
self-regulation of their learning through LA solutions (Mejia, Bull, et al., 2012).

2.94.2 Recommendations

As mentioned before (see Section 2.9.4), the ability to make decisions and self-regulate the
learning are powerful predictors for the academic success of students with LD (Goldberg
et al.,, 2003; Raskind et al., 1999; Reiff et al., 1994; Werner, 1993). On the other hand,
among the activities identified from the educational psychology area to support students
with LD is giving hints, feedback, scaffold guidance and/or advice as well as generate
methods and strategies for their treatment (Passano, 2000; Santiuste & Gonzalez-Pérez,
2005).

In this sense, the provision of recommendations of learning activities by expert
psychologists could help affected students to facilitate and develop self-regulation that
will allow the independence of their difficulties (Hellendoorn & Ruijssenaars, 2000;
Nunez et al., 2005; Raskind et al, 1999; Sideridis, Mouzaki, Simos, & Protopapas, 2006).
Thus, a channel of communication between expert psycologists and students affected
could be established with the objective to support reading difficulties presented.

210 Summary

This chapter presented the state of the art related to this dissertation. Firstly, this chapter
discusses some theoretical background on e-Learning such as the concepts of Learning
Management Systems (LMS) which are systems that manage students and learning
resources (like images, animations, videos, etc.), providing tools to develop learning
activities of a course as collaboration tools, monitoring of students, evaluation systems,
etc., Adaptive Hypermedia Systems (AHS) which are systems that are able to provide
students with adaptive and personalized experiences based on processing information
from a Learner Model. This model describes the student characteristics (like knowledge,
interests, preferences, etc.) and it is used to achieve Adaptations of different aspects of
AHS (like contents, resources, activities, etc.) to the students. It was highlighted that there
exist a prominent research tend in Technology-enhanced Learning (TeL) to focus in the
integration of AHS aspects with LMS, so as to ensure that LMS are able to provide an
adequate adaptive and personalizing learning. Furthermore, considering adaptivity,
personalization, and even accessibility capabilities, it was concluded that only Moodle,
dotLRN and ATutor are the most capable LMS to support these aspects.

Then, within an e-learning process, it also was discusses the concepts of Open Learner
Model (OLM) and Learning Analytics (LA) in order to increase awareness of the students
about their learner model and to support reflection and self-regulation of their learning
process. OLM focus on opening the learner model to students and provide information
about their knowledge, interests, preferences, etc. while LA focus on the detection of
student key-activity and key-performance indicators based on statistical and data mining
techniques, which are reflected in his/her learner model, and could provide
recommendations for learning activities, resources, training, people, etc. Thus, a way of
opening the learner model could be using LA techniques.

Secondly, this chapter discusses the concepts of e-Learning for All and Inclusion, since
this dissertation considers the inclusion of university students with Learning Disabilities




Chapter 2

(LD) in an e-learning process. Thus, the chapter discusses the interest among researchers
for people in need, as well as the participation of the European Commission by
promoting projects such as IRIS, TATE, BenToWeb, MICOLE, SEN-IST-NET, ALPE,
EU4ALL, ALTER-NATIVA, and ALTERNATIVE-eACCESS with the purpose to aim both
education and labor inclusion and promote the independence of people in need, creating
training activities, web portals, methodologies, accessibility guidelines and assistive
technologies. However, although new regulations and the generation of projects have
enabled support for “inclusive practices”, there is still the challenge to put in practice day
to day these principles within the educational institutions. In this sense, education
supported by technology and more specifically in LMS could be of relevant help to
facilitate the road towards a real “inclusion”.

Author of this dissertation studies the concepts of LD, their classification and the
influence of educational psychology on them. Based on these studies some relevant
statements about LD were identified and are considered by author:

e LD are difficulties in listening, speaking, reading, writing, and even in
mathematical calculation abilities.

e LD are not problems of any of this types: sensory, physical, intellectual, attention,
behavior, social interaction, mental retardation, emotional, socio-cultural
deficiencies and higher intellectual skills.

e LD generally emerge in childhood and are detected at school age, but can be
generated later by factors such as educational, social, and emotional.

e LD may affect people throughout their entire lives. For this reason, LD can be
categorized in: children with LD, adolescents with LD and adults with LD.

e Finally, four classes of LD are considered: dislexia, dysorthographia, dysgraphia
and dyscalculia.

Futhermore, analysis of the state of the art in using computers to assist students who
presents some type of LD was made, also, in this analysis the potential benefits of
technology that support the needs of these students was disscussed. Some available
assistive technologies and projects related to LMS that consider features of these students
were found.

Thirdly, as mentioned before, this work is focused on university students with
dyslexia (i.e., students who present difficulties with basic reading skills and reading
comprehension), a population that has been studied very little. University students with
this type of disability may experience difficulties during their academic careers, since
reading is the basis of most, if not all, formal educational processes and has significant
importance in many learning domains. Thus, this chapter discusses the different
definitions given for dyslexia and the most accepted, the common difficulties presented
in students with dyslexia (i.e., their symptoms) as well as its closely related to difficulties
in writing and spelling. A literature review shows that poor readers are also less
successful in writing tasks than their peers. Moreover, in accordance with common
practice, dyslexia entails not only reading difficulties. It is commonly associated to
disorders of writing and spelling skills.

Additionally, it also discusses difficulties of these students in associated areas such as
speech, working memory, attention, and spatial organization, compensatory strategies
developed to help them succeed in their studies and get into university, and cognitive
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processes involved in reading that can be altered in them. At this point, it was discovered
that the cognitive processes that can be altered and it necessary to study are: phonological
awareness, orthographic processing, lexical access, processing speed, working memory,
and semantic processing. Furthermore, it was highlighted that technologies help these
students progress in skills development and enhance their learning performance,
consequently, there is notable challenge with regards to using technology that support
these students, and thus, facilitate their learning process and assistance by supporting
materials and activities that are not necessarily provided during school hours due to busy
learning schedule to be followed.

Finally, this chapter discusses methods and tools that enable the detection of
difficulties related to reading and compensatory strategies, as well as the assessment of
cognitive processes and assistance of university students with dyslexia and/or affected
with some reading difficulties. It was highlighted the usefulness of self-report
questionnaires for detecting affected students, the relevance of detecting the learning
styles of these students in order to help them to identify and develop the most effective
compensatory strategies they could use to learn, and the usefulness of batteries for
assessing the cognitive processes that they may have altered. At this point, since
“assessment” it is important to this research work for defining a software tool, it was also
relevant to identify whether the studied batteries have been partially or completed
automated and oriented to be filled by students through computers. It was also argued
that only DN-CAS and SICOLE batteries which are targeted to children and the UGA
targeted to adults offer specific tasks aiming to assess some of the processes mentioned
above. However, there is not yet a tool that evaluates all cognitive processes related to
reading in Spanish-speaking university students.

Regarding the assistance, it was argued that the students' awareness of their
weaknesses and strengths, as well as ability to make decisions and self-regulate their
learning, are powerful predictors for their academic success. Thus, OLM, LA and
specialized recommendation are presented as tools to increase awareness and support
self-regulation of the students during their learning process, as well as help teachers to
monitor the students’” progress and advice to support such self-regulation processes of
the students.







THESIS PROPOSAL: FRAMEWORK FOR DETECTION,
ASSESSMENT AND ASSISTANCE OF UNIVERSITY
STUDENTS WITH DYSLEXIA AND/OR READING
DIFFICULTIES

In order to provide a solution that overcomes the main objective of this dissertation,
namely: “including students with dyslexia and/or reading difficulties in an e-learning
process, so as to define methods and tools to detect, assess and assist them in
overcoming their difficulties during their higher education”, in this chapter is presented
the main proposal which consist of a framework for detection, assessment and assistance of
university students with dyslexia and/or reading difficulties. In order to achieve this, some
specific proposals were defined as follows:

e Definition of a learner model based on preliminary studies about dyslexia and
reading difficulties.

e The development of a set of software tools to collect and store data into the learner
model so as to detect and assess the profile of each student.

e The definition of adaptive components that provides personalized assistance to
each student's profile through data visualization techniques and
recommendations.

e Integration of the learner model, implemented software tools and adaptive
components with a LMS so as to support affected students in an e-learning
process.

Thus, this chapter provides a complete picture of the main proposal and goes through
further descriptions of each specific proposal.

This chapter is structured as follows: Section 3.1 shows a brief introduction and the
objectives concerning to the work presented in this dissertation. Section 3.2 explains the
framework components proposed, and Section 3.3 explains the learner model and the
four submodels comprime demographics, reading profile, learning styles, and cognitive
traits. Section 3.4 presents the adaptation processes defined and the two adaptation
engines: learning analytics and recommendations. Section 3.5 describes the integration
with a LMS. This chapter ends in Section 3.6 with a summary of the chapter.
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3.1 Introduction

There is abundant evidence that dyslexia does not disappear with age or training (Callens
et al., 2012; Hatcher et al., 2002; Swanson & Hsieh, 2009). On the contrary, despite their
effort, when compared to their peers, affected students still show significant difficulties in
reading tasks (Eden et al., 2004; Hatcher et al., 2002; Lyon et al., 2003; Miller-Shaul, 2005;
Ramus et al., 2003; Sally E. Shaywitz et al., 2008). However, many dyslexic students can
develop compensatory strategies to help them succeed in their studies (Firth et al., 2008;
Mellard et al., 2010; Ransby & Swanson, 2003) and get into university (Callens et al., 2012;
Hatcher et al., 2002). For instance, according to the British Dyslexia Association, it is
estimated that between 10% and 15% of the world population has some LD, and the
percentage of dyslexic people is around 8% (Jameson, 2009). According to the European
Dyslexia Association, the estimation of European citizens with dyslexia is between 4%
and 10% (Kalmar, 2011). In Spain, the Dyslexia Association of Jaen has estimated a
prevalence of dyslexia of between 5% and 15% among the general Spanish population,
and between 6% and 8% among university students (Bassi, 2010).

Surprisingly, not all students whose performance is affected were diagnosed by
dyslexia and/or assisted before starting their studies at university; therefore, there are
many students with symptoms or reading difficulties who have not been diagnosed with
an official psychoassessment procedure. Consequently, a considerable number of
students enter university without having the expected reading skills, and would require
support to cope with high reading demands.

Thus, higher educational institutions are in clear need of specific resources to identify
students with or without a previous diagnosis of dyslexia that still show reading
difficulties, and to provide assistance to them. In this sense, this dissertation addresses
such need and contributes in the development of an “e-Learning for All” and aims to
provide a solution to the university context, in which dyslexia have not been deeply
studied yet (see Section 2.8.4 for further details).

Thereby, in this dissertation a Framework for Detection, Assessment and Assistance
of University Students with Dyslexia and/or Reading Difficulties that can be integrated
into a LMS was defined as the main proposal (Mejia & Fabregat, 2012) and a set of
specific proposals, to achieve it were defined as follows:

(i). A learner model based on information related to dyslexia in students. This
model stores information about the characteristics of affected students with
dyslexia and those who present particular reading difficulties.

(if). A set of adaptation processes and software tools to detect, assess and assist
dyslexia in students. More precisely, adaptation engines that receive information
and provide adaptation results through software tools. The tools let collect and
store (detect and assess) students’ data into the defined learner model, and
provide personalized data visualizations and recommendations (assistance) to
these students.

(iii). Integration of proposals (i) and (ii) into an LMS so as to achieve interoperability
of the defined learner model and adaptation engines in an e-learning process.
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Regarding proposal (i), considerable preparation on psychologic topics related to
dyslexia and reading difficulties in education was required (first details and results of
this preparation was presented through the theoretical background in Chapter 2 from
Sections 2.8 and 2.9). Moreover, this preparation involved a set of preliminary studies to
determine the characteristics of affected students with dyslexia and those who present
reading difficulties, as well as a set of studies to understand how these students can be
treated and how technologies can enhance their learning process.

For the basis of the specific proposals (ii), methodological approaches related to
detecting, assessing and assisting affected individuals, which have been used with
children, were proposed and adapted for university students. With this approaches in
mind and applied to the e-learning process it is aimed to give a solution to the first
defined objective (OB.1.), namely "defining a framework for detection, assessment and
assistance of university students with dyslexia and/or reading difficulties that can be
integrated into a LMS". Consistently, three phases are considered to achieve this
objective: (1) Detection of university population with dyslexia and/or reading difficulties,
(2) Assessment of their cognitive processes to determine specific deficits and (3) creating

adaptive Assistance to individual needs so as to improve their personal learning
efficiency in reading (Guzman et al., 2004; Luque et al., 2011; Nicolson & Fawcett, 1990).
These three phases are described as follows:

1. Detection. There are three parallel ways in which the detection could be made:

e Detection of demographics: detect personal details of the affected
students. This information is important because it provides general
knowledge about each student at a given moment in time, like age, gender,
and academic level, etc. In this work a tool, based on web-forms, to capture
these personal details is proposed.

e Detection of reading profile: detect individual reading profiles and
identify related weaknesses (difficulties) of the affected students. In this
sense, findings reported provided reasonable evidence in support of the
self-report questionnaire as a highly predictive tool to detect or contact
with students with LD (Lefly & Pennington, 2000; Wolff & Lundberg,
2003). In this work a tool is proposed based on the work of (Giménez de la
Pefa et al., 2010) who designed a self-report questionnaire that is hand-
filled by students at the University of Malaga (Spain), making it possible to
detect students previously diagnosed with dyslexia and/or reading
difficulties among this population.

e Detection of learning styles, detect strengths/preferences (i.e., learning
styles) of the affected students. Several studies have demonstrated the
relevance of detecting the learning styles of affected students to identify
the most effective learning strategies they could use to learn (Mortimore,
2008; G. Reid, 2001; Rodriguez, 2004). Many students with dyslexia have
acknowledged that awareness of their learning styles have helped them to
understand the ways in which they learn, to understand their strengths
and their weaknesses, and to develop appropriate strategies (Cooper, 2006;
Sumner, 2006). There are several models to detect the learning styles
(Coftfield et al., 2004; Mortimore, 2008; Rodriguez, 2004), nevertheless, in
this work is adopted the revised version of the Felder-Silverman model
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(Felder & Soloman, 2008) mainly for: it has been tested with dyslexic
students (Beacham et al., 2003), it is easy to administer and takes short
time, it has been tested in digital contexts, and it has been validated with
university students.

The first two ways (i.e., demographics and reading profile) address a solution
to the second objective (OB.2.) of this dissertation, namely “analyzing and
developing methods and tools for the detection of university students with
dyslexia and/or reading difficulties”. The latter way (i.e., learning styles) aims to
give a solution to third objective (OB.3.) of this dissertation, namely “analyzing
and adopting methods and tools for the detection of learning style of university
students with dyslexia and/or reading difficulties”. Chapter 4 describes and
explains the work developed regarding the Detection phase.

2. Assessment. After the detection phase, it is necessary to assess the cognitive
processes (i.e., Phonological processing, Orthographic processing, Lexical access,
Processing speed, Working memory, Semantic processing, further details are described
in Section 2.8.6) that can be altered in students and determining their cognitive
deficits, even whether or not they have dyslexia (Bruck, 1993b; Felton, Naylor, &
Wood, 1990; Lachmann & Van Leeuwen, 2008). Therefore, several tools (tests or
batteries) to identify dyslexia-related cognitive deficits were analyzed and
reported in previous research work (this analysis is presented in Chapter 2)
(Mejia et al., 2010). The findings revealed that in the Spanish language there are
not existing tools for the assessment of the cognitive processes in Spanish-
speaking adult dyslexic population. However, it is highlighted the work reported
in Diaz (2007) who conducted a research that consisted in the adaptation of an
English assessment battery to Spanish language to assess phonological and
orthographic processes. In this work an assessment battery is proposed based on the
work of Diaz (2007) and it is extended so as to implement the assessing process of
other cognitive processes: lexical access, processing speed, working memory and
semantic processing.

This phase aims to give a solution to the fourth objective (OB.4.) of this
dissertation, namely “analizing cognitive processes associated with reading that
can be altered in university students with dyslexia and/or reading difficulties in
order to develop methods and tools needed to determine which specific processes
are failing”. Chapter 5 describes and explains the work developed regarding the
Assesment phase.

3. Assistance. Detection of demographics, reading profile and learning styles, as
well as assessment of cognitive deficits are necessary for generating of
appropriate assistance to help students to overcome these shortcomings and
support their cognitive performance (Diaz, 2007; Rojas, 2008). Previous works
related with assistance in Spanish spoken universities and support for the
treatment of these difficulties and cognitive deficits in this population has not
been found. However, other related work that focus on university students have
revealed that (1) awareness of their strengths and weaknesses, (2) reflection on
their learning process, as well as (3) the ability to make decisions and self-
regulate their learning, are powerful predictors for their academic success
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(Goldberg et al., 2003; Raskind et al., 1999; Reiff et al., 1994; Werner, 1993). In this
work, it is proposed and attempted to provide adaptive assistance to affected
students after detection and assessment processes have been evaluated. This
adaptive assisstance consists of providing a learning analytics” dashboard of their
detection and assessment results based on data visualization techniques, as well
as to provide recommendations with regards to the personal identified
difficulties.

This phase aims to give a solution to the fifth objective (OB.5.) of this
dissertation, namely “analyzing and developing adaptation methods and tools
that can be used to assist university students with dyslexia and/or reading
difficulties”. Chapter 6 describes and explains the work developed regarding the
Assistance phase.

Accordingly, results obtained from phases Detection and Assessment will feed the
proposed learner model [i.e., proposal (i)]. More precisely, this model is designed and
implemented by defining variables related to information captured in the detection and
assessment phases, i.e., related to demographics, reading profile, learning styles, and
cognitive traits. As mentioned in both phases, in order to capture information from the
students and store into the learner model, tools such as forms to capture students’
demographics (Mejia et al., 2010), questionnaires to detect reading difficulties and
learning styles (Mejia, Clara, et al., 2011; Mejia, Giménez de la Pefia, et al., 2012, 2013),
and a battery to assess the cognitive processes involved in reading (Diaz et al., 2013;
Mejia, Diaz, et al., 2011; Mejia, Diaz, Jiménez, et al., 2012) were proposed (this is further
presented in Chapter 4 and Chapter 5).

Thereafter, the variables of the learner model are used by an adaptive component so as
to deliver personalized assistance through learning analytics and  specialized
recommendations (made it during the Assistance phase) aiming to create awareness,
promote reflection and facilitate self-regulation during the learning process. To provide
the adaptation effects a learning analytics’ dashboard (data visualization technique) and a
first scope of a recommender system were proposed (Mejia, Bull, et al., 2012; Mejia, Diaz,
Florian, et al., 2012; Mejia, Florian, et al., 2013). This is further presented in Chapter 6.

Finally, regarding proposal (iii), in order to integrate the results of the proposals (i),
(ii) into a LMS, an architecture based on web services is proposed so as to achieve
interoperability of the defined learner model and adaptation engines in an e-learning
process. With this integration, besides the proposal tools can be used independently from
an LMS, it enables working within a specific LMS. This proposal attempts to provide a
solution to the sixth objective (OB.6.) of this dissertation, namely “integrating the tools
developed for the detection, assessment and assistance of university students with
dyslexia and/or reading difficulties with a LMS”. Chapter 7 describes and explains the
work developed to achieve this objective and give details of a first implementation
approach.

3.2 Framework’s Components

In this dissertation the Framework for Detection, Assessment and Assistance of University
Students with Dyslexia and/or Reading Difficulties that can be integrated into a LMS was
defined as the main proposal. This framework aims to provide detection, assessment and
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assistance to affected students with dyslexia and/or reading difficulties. It considers a
model of the profile of students with dyslexia and/or reading difficulties, namely Learner
model, and two adaptation engines, namely Learning Analytics engine and
Recommendations engine. It includes multimodal interaction mechanisms, such as
visual, auditory and speech communicative channels to achieve personalized interaction
with detection and asssessment tools and increase students” motivation and performance.
It is proposed to be integrated into a LMS and, to this end, the architecture of its
components is supported by web services.

Figure 3-1, depicts the components of the framework: (a) a Software toolkit that
consists of a set of external web-based tools, namely: a set of Forms to capture student
demographics, ADDA (acronym for Spanish name Autocuestionario de Detecciéon de
Dislexia en Adultos), ADEA (acronym for Spanish name Autocuestionario de Deteccién
del Estilo de Aprendizaje), BEDA (acronym for the Spanish name Bateria de Evaluacion
de Dislexia en Adultos), PADA (acronym for the Spanish name Panel de Analiticas de
Aprendizaje de Dislexia en Adultos), and RADA (acronym for the Spanish name
Recomendador de Actividades para la Dislexia en Adultos), for the detection, assessment
and assistance of students with dyslexia and/or reading difficulties, (b) a Learner model
that includes information of students regarding the Demographics, Reading profile,
Learning styles, and Cognitive traits, (c) Two Adaptation engines that processes
individual information so as to deliver personalized assistance through learning analytics
and recommendations, (d) an LMS that enables students to visualize and interact with
the tools of the Software toolkit () Web services to achieve access and communication by
the LMS with the tools of the Software toolkit’s, and (f) Multimodal interaction
mechanisms for students so as input and output of information can be made through
different modals, such as visual (e.g. a display, keyboard, and mouse), auditory (e.g.
speech recognition for input, speech recorded audio for output), among others.

LMS Software toolkit

Detection |

| Personal details tool | m Demographics
Web Services

| Reading profile tool | ADDA <:> Reading profile | L
) (A E'm
Student & | Learning style tool | ADEA Learning styles : o
PRI | _ o | - - - e D
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i

______________________________________ =
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Web Services BEDA <:> Cognitive traits

&
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Figure 3-1. Framework’s components

a) Software toolkit. For Detfection, three web-based tools were defined and
developed: web-based Forms to capture the students’” demographics, ADDA to
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b)

d)

detect their reading profile, and ADEA to detect their learning style (Mejia, Clara,
et al., 2011; Mejia et al., 2010; Mejia, Giménez de la Pefia, et al., 2012, 2013; Mejia,
2009). These tools are further presented in Chapter 4. For Assessment, BEDA, a
battery that assesses students’ cognitive processes so as to identify their cognitive
deficits and to determine whether or not the student has dyslexia was defined
and developed (Diaz et al., 2013; Mejia, Diaz, et al., 2011; Mejia, Diaz, Jiménez, et
al., 2012). This tool is further presented in Chapter 5. For Assistance, two tools
were defined and developed: PADA to visualize graphically and textually the
results (as a learning analytics’ dashboard) of the detection and assessment
results (i.e., information of the Learner model), and RADA to provide personalized
advices (as recommendations) provided by experts that could help the students
to overcome their difficulties and improve their academic outputs (Mejia, Bull, et
al., 2012; Mejia, Diaz, Florian, et al., 2012; Mejia, Florian, et al., 2013). These tools
are further presented in Chapter 6.

Learner Model. This model comprises four submodels: 1) the demographics
submodel which considers variables related to students’ personal details such as
their educational level, age and gender, among other information; 2) the reading
profile submodel which considers information about their school life, personal
and family history of learning difficulties (diagnosis and treatment), associated
difficulties, and reading and writing habits; 3) the learning styles submodel
which is used to include the students’ learning preferences (seeing or hearing,
reflecting or acting, reasoning logically or intuitively, analyzing or visualizing);
and 4) the cognitive traits submodel which describes characteristics of the
students that are gathered by assessing the cognitive processes involved in
reading (phonological processing, orthographic processing, lexical access, processing
speed, working memory, and semantic processing) (Mejia, Diaz, et al., 2011; Mejia et
al., 2010; Mejia & Fabregat, 2010). Information of submodels (1), (2) and (3) are
considered in Chapter 4 and Chapter 6, and information of submodel (4) is
considered in Chapter 5 and Chapter 6.

Adaptation Engines. The adaptation engines have the adaptation rules that will
be applied to select the most appropriate learning analytics and
recommendations for each student. These engines deploy: 1) the learning
analytics’ dashboard to visualize the results based on established criteria, so that
the students receive feedback of information retrieved from their learner profile
retrieved form the learner model and be able to compare their individual results
with those of their peers matched by academic level, and 2) the recommendetions
that deliver personalized and specialized recommendations depending on the
individual results obtained and the cognitive deficits presented by each student.
The adaptation approaches are further explained in Chapter 6.

LMS. Basically this component serves as the basis for the deployment of the tools
of the framework’s software toolkit. Is the target system to which the users can
interact and provide their personal information. Moreover, the inputs (i.e.
information from the students related to all submodels (1) to (4)) and outputs of
the adaptation engines (i.e. learning analytics” dashboard and recommendations)
can be captured and delivered through the LMS respectively. This component is
considered in Chapter 7.




Chapter 3

e)

Web Services. Since the framework may be integrated into an LMS, a web
service-oriented mechanism is included to allow the external tools communicate
with the LMS and transfer information related to the learner model and
adaptation results. Thus, through web services access and visualization of the
learner model’s information and adaptation results can be delivered to the
student. In Chapter 7, a primary approach of the integration of the framework
software’s toolkit and a selected LMS is presented. More precisely, web services
are implemented through a module in the selected LMS.

Multimodal mechanisms. Multimodal interaction mechanisms were considered
with the aim of facilitating the interaction of affected students with the tools of
the framework’s software toolkit (Mejia, Diaz, et al., 2011; Mejia, Diaz, Jiménez, et
al., 2012). Those tools include resources based on visual, auditory and speech
communicative channels according to the specific task that each student has to
perform. Reported studies in the training of cognitive deficits indicate that the
performance of the students can be improved significantly if tasks, excersises or
resources provide them use both acoustic and visual modalities (Briinken et al.,
2002; Mayer et al., 2004). In Chapter 5, Section 5.2.1.1 is presented the alternatives
of communication channels with the framework. Different modes for data input
and output (joint use of visual language, spoken and/or written language and
devices like a keyboard and a mouse) can be held together in the framework.

Since the framework consists of a set of components to be used in the university
context, three types of users were considered in that context (see Figure 3-1):

Experts, who define tasks related to the detection of students with reading
difficulties, assessing their cognitive processes, defining criteria to determine a
cognitive deficit or dyslexia, checking the learning analytics and students’
progress, and creating recommendations that teachers and students may follow.
Teachers, who check the learning analytics and students progress, and view the
recommendations given by the experts.

Students, who complete the different detection and assessment tasks proposed by
the experts, check their learning analytics and their progress, and view the
recommendations given by the experts.

3.3 Learner Model

The learner model plays a crucial role in the proposed framework, because it includes all
relevant information that the detection and assessment tools have gathered about the
students (see Figure 3-2). This information is then processed by adaptation engines and

used as a basis for providing suitable adaptation effects by assistance tools. The process
of building the learner model is done automatically based on the responses and actions of
the students when they are using the detection and assessment tools.
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Figure 3-2. Learner model

In this dissertation the inclusion of characteristics of students who have a previous
diagnosis of dyslexia and/or are affected with some reading difficulties is proposed.
Thus, an analysis of the theoretical foundations provided important issues to be
considered in these students such as:

1. Demographics are descriptive data of the type of students that are explored.
Reading profiles for classifying students who report current reading difficulties,
and normal readers, i.e., students with and without symptoms of dyslexia
respectively.

3. Compensatory strategies by students’ learning styles which help them in
overcoming their difficulties and succeed in their studies.

4. Cognitive processes involved in reading such as phonological processing,
orthographic processing, lexical access, processing speed, working memory, and semantic
processing.

Thereby, the learner model comprises four submodels (Mejia, Diaz, et al., 2011; Mejia
et al., 2010): 1) the demographics submodel considers variables related to student personal
details such as their age, gender, and academic level; 2) the reading profile submodel stores
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information about the school life, personal and family history of learning difficulties
(diagnosis and treatment), associated difficulties, and reading and writing habits; 3) the
learning styles submodel identifies strengths or preferences in learning (seeing or hearing,
reflecting or acting, reasoning logically or intuitively, analyzing or visualizing); and 4) the
cognitive traits submodel describes characteristics of the students that are gathered by
assessing the cognitive processes involved in reading (phonological processing, orthographic
processing, lexical access, processing speed, working memory, and semantic processing).

3.3.1 Demographics

Basically, demographics or demographic data are the personal details of a population
(e.g., university students considered in this dissertation). These data have long been
useful in the study of special needs because they enable the identification of demographic
profiles to define appropriate support to affected people. Commonly-used demographics
include sex, race, age, ethnicity, hometown, disabilities, academic level, employment
status, and even location.

In this dissertation, the student demographics are collected to support the detection
phase presented in the introduction of this chapter. However, it is expected that these
data will help to the delivery of better assistance and adaptation of resources and classes
to the affected students. As shown in Figure 3-1, these demographic were proposed to be
recovered by web-based Forms. Further description is presented in Chapter 4, Section 4.2.

3.3.2 Reading profile

The reading profile refers to the set of characteristics related with the dislexia that defines
two groups: students with and without symptoms of dyslexia. As shown in Table 3-1, in
this dissertation seven aspects were identified to explore in order to define the reading
profile.

Table 3-1. Summary of aspects to consider in the reading profile submodel

Aspect ‘|Description ‘

School and learning to read
experience.

This refers to the student’s experience at school, learning to read and write, mother
tongue, and learning other languages.

History of learning
disabilities.

This explores whether participants had been previously diagnosed with LD such as
dyslexia, dysorthography, dysgraphia, and/or dyscalculia, and if they had received
treatment.

Current reading-writing
difficulties.

This refers to the current difficulties expressed by students in their reading and
writing skills.

Associated difficulties.

This explores types of difficulties associated with dyslexia: speech, working
memory, attention, and spatial-temporal difficulties.

Family history of learning
disabilities.

Since one of the predictors for the risk of a LD is the appearance of these disabilities
in one or more close relatives (parents, siblings, grandparents), this aspect explores
if other family members have difficulty reading or writing or have been diagnosed
with some LD, specifically dyslexia.

Reading habits.

This concerns attitudes (likes and frequency) towards reading.

Writing habits.

This concerns attitudes (likes and frequency) towards writing.

A self-report questionnaire is used to collect information from the students about their
reading profile in the learner model. According to the literature, self-report
questionnaires could be a suitable tool to detect students with or without a previous
diagnosis of dyslexia that still show reading difficulties, and identify which reading skills
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this students lacks in order to provide support to them (Gilger et al., 1991; Gilger, 1992;
Lefly & Pennington, 2000). Consequently, as shown in Figure 3-1, in this dissertation a
web-based self-report questionnaire, called ADDA, to detect reading profiles and
providing different feedback to students was proposed. The feedback provided by
ADDA is based on two profiles, namely: students reporting current difficulties (Profile
A), and normal readers (Profile B), i.e., students with and without symptoms of dyslexia
respectively. After a student is registered (i.e., complete the demographics forms), he/she
completes the self-report questionnaire which contains 67 questions regarding to the
aspects mentioned in Table 3-1. A complete description of the questionnaire is presented
in Chapter 4, Section 4.4.

3.3.3 Learning styles

The learning styles are the forms, methods or strategies that a student uses to select,
process and work with information. It basically refers to learning preferences of the
students. This submodel is based on the Felder-Silverman’s Index of Learning Styles (ILS)
(Felder & Silverman, 2002). As shown in Table 3-2, it combines learning styles of four
dimensions (i.e., processing, perception, input, and understanding) to define the learning
styles of a particular student.

Table 3-2. Variable to consider in the learning styles submodel

Variable Description |

processing Student preference for processing information. There are 2 posible values: active,
reflective.
perception Type of information that student preferentially perceive. There are 2 posible values:

sensitive, intuitive.

input Sensory channel that student prefer to perceive information. There are 2 posible
values: visual, verbal.

understanding Preferred way by the student to progress in the information. There are 2 posible

values: sequential, global.

This submodel includes detailed description of the students learning compensatory
strategies, motivation for learning and preferences for organizing information. It is a self-
report questionaire of 44 questions which allow inquiring the strategies that a student
employs or prefers to learn. As shown in Figure 3-1, this self-report was called ADEA, it
was for practical purposes because the Spanish translation of the tool's name. A complete
description of the questionnaire is presented in Chapter 4, Section 4.4.2.2.

3.3.4 Cognitive traits

For students with dyslexia and/or reading difficulties, conducting a proper diagnosis,
and understanding what their real deficits are, requires a thorough analysis of their
cognitive processes. Tasks to identify deficits must be administered and the results
studied to establish the foundations upon which different learning adaptations can be
based to achieve personalized learning. To enhance the learning process, it is important
to identify students' cognitive traits. Thus, author focuses on identifying cognitive traits
associated with dyslexia, and take into account the failure of specific cognitive processes
involved in reading to define and build an assessment battery that identifies deficits in
the cognitive processes mentioned in Section 2.8.6.




Chapter 3

The aim of this submodel is to describe the cognitive traits of the students by assessing
the cognitive processes involved in reading. Cognitive traits are needed to identify the
learning strategies that guide students with dyslexia and/or reading difficulties in their
learning process because these students can arise from the deficit in one or more of the
cognitive processes (Jiménez & Rodrigo, 1994). As mentioned before, the cognitive
processes related with reading that can be assessed and included in this submodel are
phonologic processing, orthographic processing, lexical access, processing speed, working memory,
and semantic processing.

The cognitive trait submodel identifies variables related with each cognitive process,
allowing us to represent information about the student’s LD. As shown in Figure 3-1, the
identified variables are retrieved by a proposed assessment battery for dyslexia in adults
called BEDA. Table 3-3 presents identified variables related to cognitive processes. These
variables store the percentiles of each cognitive process as well as the scale scores of each
assessment task.

Table 3-3. Variables to consider in the cognitive traits submodel

Variable Description

phonological_processing_p |[Percentile obtained in phonological processing. It is a number between 1 and 100.
ercentile

pp_task_1_scale Scale score obtained in the task of segmentation into syllables (i.e., first task of
honological processing). It is a number between 1 and 12.

pp_task_2_scale Scale score obtained in the task of number of syllables (i.e., second task of
honological processing). It is a number between 1 and 12.

pp_task_3_scale Scale score obtained in the task of segmentation into phonemes (i.e., third task of
honological processing). It is a number between 1 and 12.

pp_task_4_scale Scale score obtained in the task of general rhyme (i.e., fourth task of phonological
rocessing). It is a number between 1 and 12.

pp_task_5_scale Scale score obtained in the task of specific rhyme (i.e., fifth task of phonological
rocessing). It is a number between 1 and 12.

pp_task_6_scale Scale score obtained in the task of phonemic location (i.e., sixth task of phonological
rocessing). It is a number between 1 and 12.

pp_task_7_scale Scale score obtained in the task of omission of phonemes (i.e., seventh task of
honological processing). It is a number between 1 and 12.

orthographic_processing_p [Percentile obtained in orthographic processing. It is a number between 1 and 100.
ercentile

op_task_1_scale Scale score obtained in the task of homophone/pseudohomophone choice (i.e., first
task of orthographic processing. It is a number between 1 and 12.
op_task_2_scale Scale score obtained in the task of orthographic choice (i.e., second task of

orthographic processing). It is a number between 1 and 12.

lexical_access_percentile  |Percentile obtained in lexical access. It is a number between 1 and 100.

la_task_1_scale Scale score obtained in the task of reading words (i.e., first task of lexical access). It
is a number between 1 and 12.

la_task_2_scale Scale score obtained in the task of reading pseudowords (i.e., first task of lexical
access). It is a number between 1 and 12.

processing_speed_percentil |Percentile obtained in processing speed. It is a number between 1 and 100.
e

ps_task_1_scale Scale score obtained in the task of visual speed of letters and numbers (i.e., first task
of processing speed). It is a number between 1 and 12.

working_memory_percenti [Percentile obtained in working memory. It is a number between 1 and 100.
le

'wm_task_1_scale Scale score obtained in the task of retaining letters and words (i.e., first task of
working memory). It is a number between 1 and 12.
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Variable ‘lDescription ‘
semantic_processing_perce [Percentile obtained in semantic processing. It is a number between 1 and 100.
ntile

sp_task_1_scale Scale score obtained in the task of reading expository text (i.e., first task of semantic
rocessing). It is a number between 1 and 12.

sp_task_2_scale Scale score obtained in the task of reading narrative text (i.e., second task of
semantic processing). It is a number between 1 and 12.

This submodel also includes variable that store the results of each of the assessment
exercises from the tasks, determine the difficulty level of each cognitive processes (none,
slight, moderate or severe), and let to know whether or not students have a cognitive
deficit. Moreover, variables that include the time students take to solve each exercise,
right and wrong answers and other information particular to each task where defined.
Additionally, variables that determine the diagnosis of the presence or absence of
dyslexia taking into account the criteria set (see Section 2.9.3.2), and overall cognitive
performance obtained from the scores of the assessment tasks could be created. A
complete description of the assessment battery (i.e., BEDA) and variables are presented in
Chapter 5, Section 5.2.

3.4 Adaptation Processes

As mentioned in Chapter 2, numerous studies have been carried out at university level in
different application domains (Baldiris, 2012; E. Brown et al., 2006; Florian, 2013; Marcos,
Martinez, et al., 2006; Paredes & Rodriguez, 2006; Vélez, 2009; Yudelson & Brusilovsky,
2008), however, any meaningful work that develops adaptive processes for students with
dyslexia have not been found.

In addition, some works deal with intervention programs for children with dyslexia
(Guzman et al., 2004; Luque et al., 2011; Metsala, 1999; Nicolson & Fawcett, 1990). Many
of those programs have been supported by technologies (Barker & Torgesen, 1995; Rojas,
2008; Wise & Olson, 1995). As seen in (Lancaster et al., 2002; MacArthur, 1999; Rojas,
2008) and as presented in (Mejia et al., 2010), assistive technology has been developed to
facilitate the learning of these students. But no references of work carried out with
university students have been found.

This dissertation presents the achievements in the development of adaptation
processes for the proposed framework containing tools and personalized components
that facilitate learning for university students who have dyslexia and/or reading
difficulties. These achievements, which according to literature are powerful predictors for
the academic success of these students, are: (1) creating awareness of the reading profile,
learning styles, and cognitive traits, (2) promote reflection on learning, and (3) facilitate
self-regulation during the learning process (Goldberg et al., 2003; Raskind et al., 1999; Reiff
et al., 1994; Werner, 1993).

e The awareness of students about their weaknesses, and some of their strengths (i.e.,
reading profile, learning styles, and cognitive traits) allow them to learn more
about their potential difficulties. In this research work, delivering fragments
adapted to different learner models, in an understandable format (e.g., learning
analytics), so that affected students can recognize their difficulties as well as their
strengths by themselves is proposed.
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e The reflection process arises in students once the awareness is achieved, that is, if a
student does become aware of their potential difficulties, he/she can reflect on
them so as to engage in a process of continuous learning. By reflecting, students
actively evaluate their learning processes and the related outcomes. Thus, the
reflection can be the bridge between to be aware and take self-regulated actions.
The steps of a student in this bridge of reflection could be planning, monitoring
and evaluating (Christian Glahn, 2009). In this research work, such reflection is
supported by both learning analytics displayed as well as on feedback provided
to clarify these analytics.

e The self-regulation refers to the ability to make decisions about the learning
process, particularly, within the scope of this dissertation; it refers to the ability of
the affected students to be proactive in response to their difficulties. According to
Pintrich (2000), self-regulation, is "an active, constructive process whereby
learners set goals for their learning and then attempt to monitor, regulate, and
control their cognition, motivation, and behavior, guided and constrained by their
goals and the contextual features in the environment". To do this, after creating
awareness and reflection is necessary to facilitate the self-regulation, so that affected
students will be able to identify the appropriate focus of their efforts, to overcome
their difficulties and meet their learning needs. To do this, in this research work,
in addition to the feedback given with the learning analytics, creation of
specialized recommendations is proposed.

For this reason, an open learner model approach is proposed, in which the learner
model is accessible for viewing by the students in an understandable format. Moreover,
considering the fact those university students with dyslexia may not have received
adequate assistance during their learning process allowing them to know and deal with
their difficulties; looks like open learner modeling is an opportunity to promote
autonomy in these students so that they can recognize their reading difficulties, learning
styles and learn about their cognitive processes for themselves. Consequently, self-
regulation is supported, so that students affected will be able to identify the appropriate
focus of their efforts, to overcome their difficulties and meet their learning needs (S. Bull
& Kay, 2008; Hsiao et al., 2010; Papanikolaou et al., 2003; White et al., 1999).

Alternatively, the data can be processed so that they can be further extended to
support other educational roles in decision-making, as remarked in (Donald Norris et al.,
2008; Vatrapu et al,, 2011; Verbert et al., 2011; Zhang et al., 2007). For instance, in this
study the data are extended to teachers and experts to support teaching strategies and
assistance for students with dyslexia and/or reading difficulties.

Thereby, based on the learner model information presented in previous section (see
Section 3.3), some adaptation mechanisms for assistance of these affected students were
designed and implemented. For this, two adaptation engines that provide personalized
assistance to each student by processing the learner model are proposed. These engines
have the adaptation rules that can be applied to adjust data visualizations, through
learning analytics and recommendations respectively, to the activity and performance of a
particular student. These rules are conditional statements that are defined using
information from the variables captured and stored during the learner modeling process.
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In this sense, it is considering the technical framework called Activity-based Learner-
models proposed by Florian et al. (2011) so as to offer a solution that can be extended to
teachers and experts (e.g., educational psychologists) and deliver visualizations to
different perspectives (i.e., students, teachers, or experts) on social planes (e.g., student,
class, or group) (see Section 2.9.4.1).

The Activity-based Learner-models is based on foundations of different research areas.
From the pedagogical area, Engestrom’s Activity Theory is used to model activity
dimensions (Engestrom, 1987, 1999). From the computer supported collaborative learning
(CSCL) area, the Dillenbourg and Jermann’s concept of social planes allows us to model
activities taking into account social interactions (Dillenbourg & Jermann, 2010). From the
personalization and context management area the actuator-indicator model gives a
framework to implements the software architecture by dividing its construction in four
well-defined functional layers (i.e. sensor, semantic, control, and indicator)
(Zimmermann, Specht, & Lorenz, 2005). Although a detailed explanation of the evolution
of these three mentioned pillars and the union of them is described in (Florian et al.,
2011), a brief summary of key aspects for this dissertation is presented below.

e Engestrom’s Activity Theory (Engestrom, 1987, 1999) is the pedagogical base. The
Activity Theory model describes the structural relations between the components
of an activity (1. instruments, 2. a subject, 3. an object, 4. rules, 5. community, and
6. division of labor) to leads an outcome. The activity’s outcomes can trigger new
activities and each element can be related to individual activities. Thus, complex
process can be described recursively. The three first components, called the action
part, are visible. The other components are constrains in the context part. This
model has been used widely to identify potential improvements of work settings
for instance in (Engestrom, 2000; Mirel, 2003) among others. Recently in
(Lindgren, 2011) its potential for personalized clinical diagnosis systems has been
explored.

e Engestrom’s Activity Theory was introduced in educational technology by means
of the concept of social planes (Dillenbourg & Jermann, 2010). Thus, the original
element “community” is better expressed with the concept of “social planes”. In
(C. Glahn, Specht, & Koper, 2009) authors found evidence for activating
awareness and reflection through visualization of information from different
social planes. The original Activity Theory had some other adaptations in the new
area of research. The elements “teacher” and “learner” replace the “subject” and
the “object” of the original model respectively. In addition, the element “division
of labor” is understood in educational technology as “cooperative process”.
Finally, particular constraints of an educational software system (such as a
Learning Management System or LMS) add extended relations between
instruments, procedural rules (such as institutional policies or instructional rules),
and cooperative process. Figure 3-3 shows a parallel view of the original
Engestrom Activity Theory (Engestrom, 1987) and the extended version for
educational technology reported in (Engestrom, 1999).
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Figure 3-3. Engestrom’s activity theory and educational technology extension

e The Actuator-Indicator Model allows implementation of the extended Activity
Theory in educational software. For instance, in (Florian et al.,, 2011) the
implementation of Activity-based Learner-models was related to the LMS
Moodle, based on existing data in the Moodle log table and using the Moodle log
function for the sensor layer. The Actuator-Indicator Model describes four
technological layers to proceed from monitoring and assessment to suitable
response to learners (Zimmermann et al., 2005). These four technological layers (1.
sensor, 2. semantic, 3. control, and 4. Indicator) are responsible for collecting the
data, aggregating semantic meaning, processing aggregated information, and
displaying the results.

All in all, with Activity-based Learner-models a wider communal perspective on the
learning process could be available for learning analytics, visualization of the learner
model, and delivering of recommendations for university students with dyslexia and/or
reading difficulties.

Consequently, the adaptation engines consist of (i) a tool to open the learner model
using learning analytics in order to help increase awareness of the students with dyslexia
and/or reading difficulties and to support reflection and self-regulation about their
difficulties, and (ii) a tool to provide specialized recommendations to support such self-
regulation of these affected students. This is further described in Chapter 6.

Additonally, these adaptation engines are proposed to be built with four functional
layers. These functional layers are: sensor layer, semantic layer, control layer, and
indicator layer. Further description of these layers is presented in Chapter 6.

e The sensor layer is responsible for collecting information about traces of learners’
interactions, ie., their activity and performance through forms (i.e,
demographics), ADDA (i.e., reading profile)) ADEA (i.e., learning styles) and
BEDA (i.e., cognitive traits).
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e  The semantic layer collects the data from the databases and transforms these data
into higher-level information by using aggregators. These aggregators are
functions built from two parameters: the social plane (i.e., student, peers or class),
and the perspective (i.e., student, teacher or expert).

e The control layer is responsible for interpreting the response of aggregators using
different rules. A rule determinates when and how to collect aggregator responses
and how to present them to the user (i.e., student, teacher or expert).

o The indicator layer is responsible for transforming the returned data of the control
layer into representations that are displayed in the corresponding interface to
students, teachers or experts.

3.4.1 Learning analytics

The learning analytics are visual representations that allow opening the learner model in
order to help increase awareness of the learners (in this research work, students with
dyslexia and/or reading difficulties) and to support reflection and self-regulation about
their difficulties. Additionally, these analytics are also expected to motivate the interest of
the university teachers to revise their teaching practices in order to adapt them to the
needs of these affected learners, and provide experts (e.g., educational psychologists) a
useful tool that help generate recommendations for learners and teachers about the
difficulties detected.

Learning analytics are usually displayed in dashboard-like interfaces (S. Govaerts,
Verbert, Klerkx, & Duval, 2010; J. L. Santos, Verbert, Govaerts, & Duval, 2011; Schmitz et
al., 2009). The aim of these dashboards is to provide useful support for understanding
and decision making in learning and teaching (Duval, 2011; Florian, 2013). Thus, in this
dissertation, a dashboard for visualizing and inspecting of reading difficulties and their
characteristics, called PADA was proposed (see Figure 3-1).

PADA provides different visualizations on reading performance of learners, so that
they can self-identify their particular strengths and weaknesses and self-regulate their
learning. For this, it generates visualizations using a variety of techniques (bar-charts,
line-charts, and pie-charts) to show learner model fragments. Therefore, PADA provides
learning analytics for each of the demographics data forms, questionnaires (i.e., ADDA
and ADEA) and cognitive assessment tasks (i.e., BEDA). Thus, PADA interface was
divided into four tabs depending on the learner submodel accessed: 1. demographics, 2.
reading profile, 3. learning styles or 4. cognitive traits.

These tabs allow learners to explore visualizations of their activity and performance
and provide feedback to support them to recognize strengths and weaknesses in their
reading competences. These tabs also could provide parallel views of an individual
learners, his/her peers, and all as a class, in order to identify the severity of their
difficulties according to the results of other matched by age and academic level.

Thus, learning analytics focus on the detection of key-activity and key-performance
indicators which can be based on statistical and data mining techniques, so that for
instance recommendations can be made for learning activities, resources, training,
people, etc. that are likely to be relevant. A complete description of the dashboard (i.e.,
PADA) is presented in Chapter 6.
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3.4.2 Recommendations

Once learning analytics about the learners is available from the learner model,
recommendations (i.e., hints, feedback, scaffold guidance and/or advices) can be
provided. Different aspects, such as the demographics, reading profile, learning styles,
cognitive traits, and even combinations of them, could be considered when aiming at
providing learners a variety of recommendations which will fit more with the learner
model. In this dissertation it is proposed a first approach to consider only cognitive traits.
Thus, a repository for storing and delivering of specialized recommendations that help to
mitigate the cognitive deficits, called RADA was proposed (see Figure 3-1), so as to
deliver a set of recommendations if a deficit in cognitive processes is found.

RADA stores these recommendations in both audio and text, and they can be
delivered to students through PADA depending on their obtained scores and the
cognitive deficits presented. The dataset of recommendations was created in
collaboration with expert researchers and practitioners in dyslexia from University of La
Laguna (Spain) and University of Las Palmas de Gran Canaria (Spain).

3.5 Integration with a LMS

Once the learner model and the adaptation engines have been implemented, the
integration of the framework’s software toolkit into an LMS could be achieved. As first
approach, the exemplary LMS used in this dissertation is Moodle. It was selected mainly
for the next reasons: (1) it is an LMS with great pedagogical and technological flexibility
and usability that is supported by a large community of developers and users around the
world, (2) it has been developed as an open source educational application with a free
software license, (3) it is characterized by its simple interface, lightweight, and efficient,
which can manage great amounts of educational resources, and that is easy to install, and
(4) is currently the LMS used at the University of Girona, as well as other universities that
have contributed in the development of this research work.

Basically, an LMS is focus on supporting teachers and administrators in creating,
administering, and managing online courses. LMS provide a great variety of features
which can be included in the courses such as learning material, quizzes, forums, chats,
assignments, wikis, and so on. Thus, they have become very successful in TeL and are
commonly used by higher educational institutions, but they provide very little or, in most
cases, no support to students with dyslexia and/or reading difficulties.

Besides an LMS brings content management, assessments delivery, and learning flow
distribution, using it and achieving personalization considering dyslexia aspects in terms
of adapted assistance may bring the following benefits:

e Help students to place greater emphasis on concepts and topics than they have
traditionally done.

e Allow students to progress at their own pace.

e Provide students adequate requirements of a course of study (adapted format of
exam, objectives of the course, method of instruction).

e Provide students more options to solve and understand problems proposed by
teachers.

e Allow students to learn using a variety of materials and activities.
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e Provide students the possibility of knowing whether they are doing things
correctly.

e Allow students to review materials as many times as needed (even repeat a class).

e Give directions one at a time, and ask students to repeat.

e Allow students to receive regular feedback on performance and ideas.

e Disaggregate tasks into parts.

e Enable students to access instructions at any time.

e Enable students to follow an individualized education program.

e Allow students to monitor their own learning and course progress.

e Allow students increase the independence and reduce frustration and lowered
self-esteem.

In addition, other advantages may be seen when the adaptation processes proposed
can be tested. The need for specific adaptations may change over time as the student
develops compensatory strategies, or as the demands of a particular course, task or
teacher change.

This dissertation proposes to extend LMS by incorporating the framework’s toolkit
through web service-oriented mechanisms (see Figure 3-1). That is, creating a module be
into Moodle structure in order access and visualize the information retrieved from the
software toolkit. Thus, the learner model (demographics, reading profile, learning styles
and cognitive traits) and adaptation results (learning analytic’s dashboard and
recommendations) are delivered through Moodle.

Web services allow applications to share information and also that invoke functions
from other applications regardless of the technology with which they were created, the
operating system or platform in which they run and the device from where they can be
accessed. In chapter 7 the integration of the framework’s software toolkit into an LMS
through web services si further explained.

3.6 Summary

This chapter presented the proposal of a framework for detection, assessment and assistance of
university students with dyslexia and/or reading difficulties which can be integrated into a
LMS. In order to achieve this, some specific proposals were defined as follows: i) a
learner model based on information related to dyslexia in students; ii) a set of adaptation
processes and software tools to detect, assess and assist dyslexia in students; iii)
integration of the learner model, adaptation processes and software tools with a LMS so
as to support affected students in an e-learning process.

Three phases are considered in this dissertation to achieve these proposals: (1)
detection of university population with dyslexia and/or reading difficulties, (2) assessment
of their cognitive processes to determine specific deficits and (3) creating adaptive
assistance to individual needs so as to improve their personal learning efficiency in
reading.

Results obtained from detection and assessment phases will feed the proposed learner
model. This model comprises four submodels: 1) the demographics submodel considers
variables related to student personal details such as their age, gender, and academic level;
2) the reading profile submodel stores information about the school life, personal and family
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history of learning difficulties, associated difficulties, and reading and writing habits; 3)
the learning styles submodel identifies strengths or preferences in learning; and 4) the
cognitive traits submodel describes characteristics of the students that are gathered by
assessing the cognitive processes involved in reading. In order to capture and store the
variables defined in this learner model from the students, tools such as forms to capture
students” demographics, questionnaires to detect reading difficulties and learning styles,
and a battery to assess the cognitive processes involved in reading were proposed.

During the assistance phase, an open learner model approach is proposed, in which the
information of the learner model is accessible to students in an understandable format.
Thus, this promotes autonomy in students so that they can recognize and be aware of
their reading difficulties, learning styles and learn about their cognitive processes.
Moreover, reflection is promoted and self-regulation can be facilitated during the
learning process. Thereby, the variables of the learner model are used by adaptation
processes having rules that can be applied to adjust data visualizations, through learning
analytics and specialized recommendations. In order to provide the adaptation effects a
learning analytics” dashboard and a first scope of a recommender system were proposed.

Integration of the results of the learner model and adaptation processes with an LMS
is achieved by a proposed architecture based on web services.

Thus, the components of the framework are: (a) a software toolkit that consists of a set
of external web-based tools such as forms to capture student demographics, ADDA to
detect reading profiles, ADEA to detect learning styles, BEDA to assess cognitive
processes, PADA to visualize learning analytics, and RADA to deliver specialized
recommendations, (b) a learner model that includes information of students regarding the
demographics, reading profile, learning styles, and cognitive traits, (c) two Adaptation
engines to deliver personalized assistance through learning analytics and
recommendations, (d) an LMS that enables students to access and interact with the
software toolkit (e) web services to achieve access and communication by the LMS with the
software toolkit, and (f) multimodal interaction mechanisms for students so as input and
output of information can be made through different modals (e.g., visual and auditory).




DETECTION OF UNIVERSITY STUDENTS WITH READING
DIFFICULTIES

There are three parallel ways in which the detection of university students with reading
difficulties could be made. One way is the detection of the students” demographics, i.e.,
the personal details of the affected students such as age, gender, and academic level, etc.
The second way is the detection of reading profiles, i.e., the individual weaknesses
(reading difficulties) of the affected students. The other way is the detection of learning
styles, i.e., the strengths (or preferences) of these affected students. Thus, this chapter is
concerned with expose the analysis and implement of the methods and tools for
performing detection. Four tools were defined as follows:

e A setof forms to capture the students’ demographics.

e A software tool, called detectLD, devoted to the delivery and review of self-report
questionnaires.

e A self-report questionnaire, called ADDA (acronym for the Spanish name
Autocuestionario de Deteccion de Dislexia en Adultos), for detection of reading
difficulties in adults.

e The Felder-Silverman’s Index of Learning Styles (ILS) (Felder & Silverman, 2002),
a self-report questionnaire to detect learning styles, called ADEA (acronym for
Spanish name Autocuestionario de Deteccién del Estilo de Aprendizaje) for practical
purposes in this dissertation.

This chapter is also dedicated to present the findings of a case study to test the
functionality and the usability of detectLD, and to check the comprehensibility of ADDA.
Furthermore, two cases are conducted to evaluate the usefulness of ADDA and ADEA.

This chapter is structured as follows: Section 4.1 shows a brief introduction about the
detection of university students with reading difficulties. Section 4.2 explains the
demographics data considered. Section 4.3 describes detectLD and a case study to test its
functionality and usability. Sections 4.4 and 4.5 describe ADDA and ADEA, respectively,
as well as cases study to evaluate their usefulness. This chapter ends in Section 4.6 with a
summary of the chapter.

4.1 Introduction

As mentioned before, there is abundant evidence that dyslexia do not disappear with age
or training (Callens et al., 2012; Hatcher et al., 2002; Swanson & Hsieh, 2009). On the
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contrary, despite their effort, when compared to their peers, adult poor readers still show
limited vocabulary, lower general knowledge (Lyon et al., 2003), poorer performance in
reasoning and memory tasks (Miller-Shaul, 2005; Simmons & Singleton, 2006), and
significantly lower results on phonological tasks (Miller et al., 2006; Miller-Shaul, 2005;
Ramus et al., 2003; Wolff & Lundberg, 2003). Furthermore, their reading is characterized
by a slow pace rather than by errors (Hatcher et al., 2002; Sally E. Shaywitz et al., 2008;
Sally E. Shaywitz, 2005). This difference in reading speed is especially evident in
consistent orthographies (Goswami, 2010).

Despite their difficulties, many dyslexic students could develop compensatory
strategies to help them succeed in their studies (Firth et al., 2008; Lefly & Pennington,
1991; Mellard et al., 2010; Niemi, 1998; Ransby & Swanson, 2003), and get into university,
although they still underperform in reading-related tasks (Callens et al., 2012; Hatcher et
al.,, 2002). For example, according to the Dyslexia Association of Jaen between 6% and 8%
of the university students are dyslexics (Bassi, 2010). Surprisingly, not all students whose
performance is affected by dyslexia are diagnosed and/or treated before starting their
studies at university (Hanley, 1997; Lindgrén, 2012; Lowe & Schulte-Korne, 2004; Parrila,
Georgiou, & Corkett, 2007; Pedersen, 2008; Wolff, 2006). Therefore, a considerable
number of students enter university without having the skills expected from mature
readers, and would require support to cope with high reading demands.

As a consequence, high education institutions are in clear need of specific resources to
detect students with or without a previous diagnosis of dyslexia that still show particular
reading difficulties, and identify which reading skills this population lacks as well as
compensatory strategies they have developed to succeed in their studies.

Accordingly, three parallel ways in which the detection could be made were raised.
One way is the detection of the students’ demographics, i.e., the personal details of the
affected students such as age, gender, and academic level, etc. The second way is the
detection of reading profiles, i.e., the individual weaknesses (reading difficulties) of the
affected students. In this sense, findings reported provided reasonable evidence in
support of the self-report questionnaire as a highly predictive tool to detect or contact
with students with LD (Lefly & Pennington, 2000; Wolff & Lundberg, 2003). It is
highlighted the work of (Giménez de la Pefia et al., 2010) who designed a self-report
questionnaire that is hand-filled by students at the University of Malaga (Spain), making
it possible to detect students previously diagnosed with dyslexia and/or those with
reading difficulties among this population. The other way is the detection of learning
styles, i.e., the strengths (or preferences) of these affected students. In this sense, several
studies have demonstrated the relevance of detecting the learning style of these students
to identify the most effective learning strategies they could use to learn (Mortimore, 2008;
G. Reid, 2001; Rodriguez, 2004). Many students with dyslexia and/or reading difficulties
have acknowledged that using learning style has helped them to understand the ways in
which they learn, to understand their strengths, even their weaknesses, and to develop
appropriate strategies (Cooper, 2006; Sumner, 2006). There are many models to detect the
learning style (Coffield et al., 2004; Mortimore, 2008; Rodriguez, 2004), it is highlighted
the revised version of the Felder-Silverman model (Felder & Silverman, 2002) for reasons
such as: it has been tested with dyslexic students (Beacham et al., 2003), it is easy to
administer and takes short time, it is also easy to fill-in, it has tested in electronic form, it
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has been validated and shown to produce reliable results, it has been validated and tested
in e-learning systems, and it provides a common language for teachers and students.

In this dissertation, firstly, a tool to capture the student’s demographics was
implemented. For this, a set of forms that capture personal details of the students such as
name, sex, birthdate, country, institution, academic level, among others was proposed.
Secondly, a tool to detect reading difficulties among university students was
implemented. For this, ADDA, a self-report questionnaire to detect dyslexia in adults
(acronym for Spanish name Autocuestionario de Deteccién de Dislexia en Adultos) was
proposed; this self-report inquires about school life and learning experience, history of
learning disabilities, current reading difficulties, associated difficulties, family history of
learning disabilities, and reading and writing habits. Using ADDA the student's reading
profile is defined. Thirdly, the Felder-Silverman model to detect learning style of the
students was implemented. For this, author make a Spanish translation of the Felder-
Silverman’s Index of Learning Styles (ILS) (Felder & Silverman, 2002), and for practical
purposes it was called ADEA, self-report questionnaire to detect learning styles (acronym
for Spanish name Autocuestionario de Deteccién del Estilo de Aprendizaje). In particular, this
tool classifies different kinds of learning styles along four dimensions: processing (active
or reflective), perception (sensitive or intuitive), input (visual or verbal), and
understanding (sequential or global).

Both ADDA and ADEA are self-report questionnaires, which were administered using
a web-based software, called detectLD (Mejia, Clara, et al., 2011). Basically, it was
designed and developed detectLD (acronym for software tool to detect learning difficulties)
for the creation and results analysis of self-reports related to LD (e.g., for dyslexia,
dyscalculia, dysphasia, and attention deficit disorder). But later its approach was
extended to support other self-reports as the ILS.

4.2 Demographics Data Forms

Demographics are descriptive data of the personal details of students. This information is
important because it provides general knowledge about each student at a given moment
in time, like age, gender, and academic level, etc. In this work, a web-based tool to
capture these personal details was implemented. Table 4-1 describes the variables used to
store data of the proposed demographics submodel into the learner model.

Table 4-1. Demographics data

Variable ‘|Description
identifier Unique number that identifies the student. It is simply a small number that is

stored in a database and increased by one for each new student registered. This
number might be 5 digits, starting 1.

first_ name Given name of the student. It is a text field in the database.

last_name Family name of the student. It is a text field in the database.

sex Gender of the student. There are 2 posible values: male, female.

birthdate Date of birth of the student. It follows the ISO standard of yyyy-mm-dd.

country Country of birth of the student. There are over 100 countries that student can chose.
city Hometown of the student. It is a text field in the database.

institution University of the student. There are 4 universities participating: University of

Girona, University of La Laguna, University of Cordoba, and University of Las
Palmas de Gran Canaria.

academic_level Academic level of the student. There are 3 posible values: bachelor’s degree, master,
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Variable Description
doctorate.

academic_program Academic program in which the student is enrolled. There are over 30 programs
that student can chose. For example, Architecture, Electrical engineering, Tourism,
Biology, Law, etc.

course Academic year that the student is performing. There are 5 posible values: 1, 2, 3, 4,
or 5.

username Short name required to log on. It is a text field in the database.

password Encrypted word required to log on. It is a text field in the database. This might be 8
digits.

email Email address of the student.

date Date of registration of the student. It follow the ISO standard of yyyy-mm-dd.

The student’s demographics information is captured when a student is registered.
Thus, the data can be seemed as the primary data that is captured by a system so as to
have a register profile of the user. The mechanism used to capture this information is by
means of filling a form when students start work in tools of the framework.

4.3 DetectLD: Software Tool to Detect Learning Difficulties

Author was initially interested in detecting the university students that could have LD
(i.e., dyslexia, dysgraphia, dysorthography or dyscalculia), in an easy, in a short time and
reaching many of them. As mentioned before, in Spain, university students are not asked
for this information when entering the university, and therefore the number of specific
cases in university classrooms is unknown. Therefore, detectLD was introduced; a
software tool that takes advantage of web-based technologies for easy access and
distribution of this type self-reports questionnaires.

In particular, detectLD allowed the creation, delivery and review of the results of a
self-report questionnaire for detection of reading difficulties. In addition, it also allowed
to be embedded a Spanish translation of the ILS. In next section the architecture and the
modules of detectLD as well as its implementation and testing are described.

4.3.1 Architecture and implementation

The main objective of detectLD is to enable the creation, delivery, and review of the
results of the self-report questionnaires for university students. Therefore, here author
defines some functional and nonfunctional requirements of it, and specify its behavior
using the Unified Modeling Language (UML):

e Roles: since detectLD is a web-based tool that creates self-reports to check for
possible reading difficulties and learning styles in the university context, it can
define three types of users: Experts, or users responsible for performing tasks
related to creating self-reports and checking the results; Teachers, or users
responsible for scheduling and activating the self-reports in their classes and
checking overall results of the course; and Students, or users who respond to the
self-reports activated by the teachers.

e Platform: open source technology was used: the Apache Web Server! which has
support for PHP? scripting language and the relational database management
Postgres?, all installed on a Linux Operating System server.

Thttp://www.apache.org/
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e Use cases: in order to specify and detail the behavior of detectLD, some use cases
for the software tool was defined. They have been organized into different
functional groups for better interpretation, as shown in the use case diagram in
Figure 4-1.

Delete test

Complete test
Student

Create question
Edit question
Delete question

Figure 4-1. Use case diagram of detectLD

Teacher

The architecture of the software tool is designed to facilitate interaction between the
different modules in relation to the user who uses them. For each type of user a different
interface is presented depending on the permissions and tasks that can be developed. In
the architecture it is specified the behavior of the tool, summarizing both the components
and the relationships. In Figure 4-2 the components comprising the architecture are
shown: 1) the expert module, 2) the teacher module, 3) the student module, 4) a web
server that supports the tool and 5) a database.

detectlLD
v'Create/edit test ’
¥'Create/edit section A
v'Create/edit question o
Expert module [ }WChecktest q Expert
v'Activate test
v"View result server
(Apache) ,
v Check test
Teacher module > v'Activate test - )
. Teacher
v"View result
v’ Create register ,
Student module — v Complete test
Patabaze v View result ‘ i
(Postgres) = Student

Figure 4-2. DetectLD’s architecture

2http://www.php.net/
3 http://www.postgresql.org/
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As can be seen in the use case diagram in Figure 4-1, detectLD has three main
modules with functions in accordance with the tasks to be developed for each previously
defined role. These modules are described as follows:

Expert module: This module was designed and implemented for the exclusive use of
a subject matter expert (e.g., an educational psychologist). The module allows the
creation of different self-reports (in this case ADDA and ADEA). According to the use
cases presented for the experts in Figure 4-1, experts can create different self-reports (see
a in Figure 4-3), divide them into sections or issues to be assessed (see b in Figure 4-3),
create different types of questions (yes/no, single choice, multiple choice and open-
ended), make changes or deletions (see c in Figure 4-3), and check (consult and analyze)
the results of the self-report (see d in Figure 4-3).

[* ::ADDA - Bienvenido Espe %

L,

L C D www.udg.edu/adda/pags/usuarios_reg/view_especialista.php

AUTOCUESTIONARIO DE DETECCION DE DISLEXIA EN ADULTOS (ADDA)

Especialista

Test || | Secciones | Preguntas Editor
1| 7 67 || Axa
i (c)
a4 | Axa
100 || &Xa

(b) (d)
Figure 4-3. DetectLD interface: Expert module

Teacher module: This module was designed and implemented for the teacher who
can see the different self-reports (see a in Figure 4-4) as well as view the overall results of
the course (see b in Figure 4-4). Also, the teacher is responsible for activating the self-
reports to be completed by the students (see c in Figure 4-4).

[ ::ADDA - Bienvenido Proi x

n,

€« C' [ www.udg.edu/adda/pags/usuarios_reg/view_profesor.php

AUTOCUESTIONARIO DE DETECCION DE DISLEXIA EN ADULTOS (ADDA)

Profesor

Test | Secciones Preguntas Editor !
ER P 100 a

___________________

(a) (b) (c)
Figure 4-4. DetectLD interface: Teacher module

Student module: This module is exclusively used to complete the self-reports that
have been previously activated by the teacher. Initially this module asks the students
some demographics (academic program, date of birth and sex) if they have not filled
them before, and then it presents the interface to complete the self-report. Figure 4-5
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shows the initial interface of this module, and Figure 4-6 shows the interface to start
filling in the self-report.

[ :ADDA - Registro del esti %

€« - C' |[3 wwwudg.edu/adda/pags/estudiantes/datos_basicos_general.php =

AUTOCUESTIONARIO DE DETECCION DE DISLEXIA EN ADULTOS (ADDA)

Registro del estudiante

ID de aplicacion: u00000030

Tipo de estudio: ﬂ

Nombre del estudio: | IMaster en Mecanica de Matenales y Estructuras |Z|
Fecha de nacimiento:

Sexo: @ Hombre ) Mujer

Continuar | | Volver

Figure 4-5. DetectLD interface: Student module

[ ::ADDA - Completar test = x

& - € | [ wwwudg.edu/adda/pags/estudiantes/completar_test.php En
AUTOCUESTIONARIO DE DETECCION DE DISLEXIA EN ADULTOS (ADDA)

INFORMACION GENERAL. Por favor, seleccione la respuesta que crea mas adecuada. @’

1. éHa acudido a consulta alguna vez por problemas de lectura o aprendizaje? @

@ si © No

2. ¢Ha sido evaluado con anterioridad por dificultades de lectura o aprendizaje? &

@ 5 © No =
3. Ha sido diagnosticado de ... @

Dislexia ['| Disgrafia ["| Disortografia || Discaleulia [ Disfasia [] Ninguna [*] Otro, écual? l:l

4. iHa seguido alguna vez tratamiento por dificultades en lectura o escritura? @

@ 5 © No

5. ¢Durante cuanto tiempo (en afios) ha seguido tratamiento por dificultades en lectura o escritura? @'

©1® 2 © 3O a0 masafos © Ninguno

6. {Considera que actualmente tiene dificultades al leer o escribir? @

@ 5 © No =
VIDA ESCOLAR. Respecto a su vida escolar: @

7. iLe gustaba ir al colegio? @

@ 5 © No

8. éAcudia al colegio regularmente? &

@ si © No

9. 5 repetir los cursos escalares? @

@ 5 © No

10. éTuvo problemas a la hora de aprender a leer? @

@ si © No

11. iA qué edad cree que leia y escribia correctamente? . @

OO0 708009 @ 10O mastarde

12. éSolia presentar dificultad con las asignaturas relacionados con Ia lectura? &

@ si O No @

Figure 4-6. DetectLD interface: Example of self-report questionnaire

DetectLD was implemented with standard technology and considering characteristics
of reusability, interoperability, accessibility, and extensibility, so that it was easy to
integrate into the structure of a LMS. In this research work a particular case was built
with the patterns of Moodle styles so that later it could be integrated with this LMS.
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e Interface based on XHTML and CSS. The main programming technologies
considered for the development of the user interface are: 1) XHTML markup
language with content-oriented structure for the presentation of documents via
the Web, and 2) CSS to create style sheets for the presentation of content
regardless of the structure of the page content (so it can separate presentation and
content layers).

e PHP and JavaScript. PHP is used to manage the site structure and dynamics of the
application and generate greater interactivity in the interface (part of the
password encrypting and dynamic presentation of the contents in function of the
data stored in the database, such as different questions and results). JavaScript
was used mostly for the validation of forms and for part of the password
encrypting.

e Asynchronous communication with the server via XML. AJAX technology enables
communication with the server with asynchronous JavaScript and XML and using
the XMLHttpRequest object. This technology was used to increase interactivity
with the user interface, allowing the partial updating of websites without having
to reload the entire page (i.e., reloading some forms according to what the user
has chosen in other forms on the same page, without refreshing it).

During the implementation phase of the detectLD, the different modules separately
were tested. These tests revealed the need for changes in interface design and
programming to achieve a better tool performance. The types of tests used were:
connection to the database, requirements, inspection software/programming and
functional testing of the different parts (such as creating/deleting new tests,
adding/changing sections or adding/changing/deleting questions).

To test the real-time performance and usability (Sauro & Kindlund, 2005) of detectLD,
a case study was designed with 17 students from the University of Girona. More than 5
students were asked to carry out this case study, because according to Nielsen (2000),
Spool and Schroeder (2001), and Virzi (1992), the functionality and usability tests with at
least 5 students provide the most information about the problems presented by the tools.
The case study is presented in the next section.

4.3.2 Case study: functionality and usability

This case study had three objectives: to test the functionality and the usability of
detectLD, to check the comprehensibility of ADDA (i.e.,, how easy it is to read this self-
report by the students), and to calculate the average time that the students take to
complete it.

4.3.2.1 Method

Seventeen students from the University of Girona participated in the case study. For this
sample both male and female students from different academic programs and levels,
aged between 20 and 30, were selected. Whether or not the student had dyslexia was not
taken into account, because the aim of this case study was to assess the functionality and
usability of detecLD, how well students understood the questions in the self-report and
how long they could take to complete the self-report.
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Two examiners (i.e. trained university teachers) conducted the case study. The first
examiner was responsible for applying the self-report to undergraduate students, while
the second examiner was in charge of graduate students. During the case study, students
were accompanied by an examiner experienced in managing detectLD and responsible
for taking note of possible questions and problems of the students while they are using
the software tool and filling in the self-report. When students have completed the self-
report, the examiner gives them a survey to fill in by hand and intended to evaluate the
functionality and usability of the software tool and whether or not they understood the
questions in the self-report.

The survey used to gather student comments consisted of seven evaluation questions.
The students chose the most appropriate response on a scale of 0-4 based on their
perception. In addition, at the end of the survey a space was left where the students could
include more comments if they wished.

4.3.2.2 Results

The time each student took to fill the self-report was recorded automatically. It was found
that students could complete it in 8 to 12 minutes, a relatively short time. The students’
answers showed that none of the seventeen who filled in the self-report had potential
reading difficulties, which means that the time taken to complete the form by students
with dyslexia could be longer. Examiners also noted that detectLD was very user friendly
and intuitive: the students never had questions about how to access and complete the
self-report. Finally, the examiners reported that students only had difficulty with specific
questions, which were subsequently reviewed and restructured by the expert
psychologists.

The survey’s results showed a good level of usability of the tool as well as a good
understanding of the questions in the self-report. The results obtained of the questions
are presented in Table 4-2.

Table 4-2. Results of the case study survey filled in by students

0 Vi

Do you think the self-report seemed easy to fill in? 1 2 | 14 |94.118%
Do you think the self-report took short time to fill in? 2 6 9 |82.353%
Do you think the questions were easy to understand? 4 | 13 |94.118%
Do you think the font size of the questions was appropriated? 2 4 9 |79.412%
Would you recommend that somebody (friend, relative or other) 2 1 7 7 |75%

fill it in?

Did the topic of the self-report make you feel motivated to fill it in? 1 3 5 8 |79.412%
Do you think the focus of the report (reading difficulties detection) 3 2 | 12 |88.235%
is important?

With the survey responses the satisfaction percentage of the students about each
question was calculated. The formula to calculate this satisfaction percentage was:

% Satisfaction = 100 * (R1*0 + R2*1 + R3*2 + R4*3 + R5*4) / (N*4)

In the formula R1, R2, R3, R4 and R5 represent the 5 possible responses that can be
given to each question (R1=number of cases in 0, R2=number of cases in 1, and so on), N
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is the number of students who responded to the survey (17 students), and the
multiplying numbers are the values assigned to each type of response (scale of 0 to 4).
These results showed that the satisfaction percentage of students is quite high in terms of
usability of detectLD and comprehensibility of the questions.

In addition to the results obtained in the above table, each of the comments the
students included on the survey answer sheet also were analyzed. In general the results
were very positive, except for some comments on the wording of questions; the students
did not understand some of them well. Finally, some students expressed interest in
knowing the results of the self-report and the steps taken to follow it up.

4.3.2.3 Discussion

The case study helped us appreciate the functionality and the usability of the software
tool as well as the effectiveness of the self-report and led to suggestions made and
improvements recommended by the students and the examiners.

Based on the satisfactory results, this software tool was also used to embed ADEA.
Furthermore, it is believed that this tool can be used as a generic software tool to embed
different self-reports (e.g., dyscalculia, dysphasia, and attention deficit disorder).

Minimal changes were made based on the findings of the case study. Only six
questions were found ambiguous or difficult to understand. These questions were
subsequently reviewed and restructured before being included in a new version of
ADDA.

In conclusion, the results obtained in this case study helped us improve the detectLD
software tool and ADDA in order to use it with more groups of university students.

44 ADDA: Self-report Questionnaire to Detect Dyslexia in Adults

The results from previous research studies have highlighted the usefulness of self-report
for detecting students who may have dyslexia. Since, at present, there is no such tool
adapted and standardized to the adult Spanish-speaking population, in this dissertation,
it was proposed a self-report for detecting students with reading difficulties who may
have dyslexia.

Although self-report are unable to provide a diagnosis, they are easy and quick-to-use
tools to recognize students with limited reading abilities, and the difficulties exhibited by
this population. These attributes make them handy tools to assign students with dyslexia
symptoms into study groups for further in-depth assessment, and to provide specialized
advice and feedback to overcome their difficulties.

This study is focused on testing the usefulness of a self-report questionnaire to detect
dyslexia and/or reading difficulties in university students. It was also intended to identify
the most common difficulties presented by these students, and their distribution across
university programs. Therefore, the aim in this study was proposing such self-report and
providing different feedback to students based on two reding profiles, namely: students
reporting current reading difficulties (Profile A), and normal readers (Profile B), i.e.,
students with and without symptoms of dyslexia respectively.
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This aim will be pursued using as main reference the ATLAS, self-report
questionnaire of reading disorders for Adult (acronym for Spanish name Cuestionario de
Autoinforme de Trastornos Lectores para Adultos), a self-report designed for screening
purposes and successfully used at the University of Malaga (Giménez de la Pefia et al.,
2010). So, ADDA was created, based mainly on such self-report. It was available in both a
paper-based version and a computer-based application form (i.e., using web-based
software).

The analyses of the students’ answers would provide information about the reading
and writing skills of the university population and allow evaluating the usefulness of this
self-report as a tool to detect students who may have dyslexia.

44.1 Study description

The present study focused on the difficulties students find when reading or writing a
text. Students were questioned about their school life and learning experiences, their
history of learning disabilities, current reading difficulties (e.g., reading disorders related
to vocabulary, reading comprehension, oral reading fluency, writing, and spelling), and
difficulties in associated areas such as speech, working memory, attention, and spatial
organization are also explored. There are some questions about any similar incidences in
their families, and respondents’ reading and writing habits. In addition, although the
questionnaire was written in Spanish, as the students in the sample were balanced
bilinguals (i.e., Catalan and Spanish speakers), they were also asked about their mother
tongue in order to collect this descriptive data in this research study. A complete
description of the self-report is presented in next section.

In summary, with ADDA we can: estimate the percentage of students at the university
that inform of having dyslexia, know the most common reading difficulties presented by
university students, and identify the student’s reading profile.

4.4.2 Method

4421  Participants

Five hundred and thirteen first year students (257 male and 256 female) from 23
classrooms of different programs at the University of Girona with ages ranging from 18
to 58 years (M=20.91, SD=4.314) participated in this study. Students were all the
attendants of the classroom where the questionnaire was applied. Students who reported
having sensory, neurological, or other disorders were excluded from the sample. Only 58
students used the computer-based version, while the remaining students used the paper
version. Frequencies and percentages by Faculty, Academic Program, and gender are
shown in Table 4-3.

Table 4-3. Frequencies and percentages of participation by faculty, academic program,

and gender
Faculties and/or Schools Academic program Frequency Gender % ‘
Polytechnic School Architecture 5 5 0 1.0
Electrical Engineering 18 17 1 3.5
Industrial Electronics and Automatic 25 22 3 4.9
Control Engineering
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Faculties and/or Schools Academic program Frequency Gender %
Computer Engineering 94 78 16 18.3
Mechanical Engineering 31 26 5 6.0
Chemical Engineering 16 12 4 3.1
Total 189 160 29 36.8
Faculty of Tourism Tourism 15 5 10 29
Total 15 5 10 2.9
Faculty of Science Biology 13 4 9 2.5
Biotechnology 10 6 19
Environmental Sciences 6 2 4 1.2
Chemistry 5 2 14
Total 36 17 19 7
Faculty of Business and Business Administration and 27 9 18 53
Economic Sciences Management
Economics 23 14 9 4.5
Total 50 23 27 9.8
Faculty of Law Criminology 30 9 21 5.8
Law 55 21 34 10.7
Total 85 30 55 16.5
Faculty of Education and | Pedagogy 35 3 32 6.8
Psychology Psychology 50 14 | 36 9.7
Social Work 53 5 48 10.3
Total 138 22 116 25.8
Total 513 257 | 256 100.0

4.4.2.2 Instruments: ADDA

As it was previously mentioned, ADDA was designed and built using as references the
tool proposed in (Giménez de la Pefia et al.,, 2010), called ATLAS. Nevertheless, other
published questionnaires were reviewed: the Adult Dyslexia Checklist (Vinegrad, 1994),
the questionnaires by Lefly and Pennington (2000), the one created by Mcloughlin,
Leather, and Stringer (2002), the Dyslexia Questionnaire (Wesson, 2005), and the
Learning Styles Self-Assessment Questionnaire (Marken, 2009). The guidelines
established by the World Health Organization (WHO), American Psychiatric Association
(APA), National Joint Committee of Learning Disabilities (NJCLD), and the National
Reading Panel (NRP), as well as recent reviews of the definition of dyslexia (Beatty &
Davis, 2007; Jiménez & Artiles, 2007; Sally E. Shaywitz et al., 2008; Snowling, 2000) were
also consulted. However, major aspects were taken from ATLAS. Additionally, ADDA
was specially designed to identify university students and covered a wide range of
aspects.

ATLAS consisted of a list of 50 statements to be answered by making the most suitable
choice. The questions covered a wide range of aspects organized into six sections: school
and learning to read experience; history of learning disabilities; current reading
difficulties; associated difficulties; history of family learning disabilities; and work
experience. Finally, a set of questions concerning reading habits to estimate the
respondents’ exposure to print.

Several changes were introduced in ADDA. Major changes concerned the
introduction of questions about writing skills, since students are usually evaluated on the
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basis of written material (essays, exams). In other words, student achievement is
determined not only by their reading skills, but also by their performance on tasks that
require a written answer.

In addition, it is well known that reading and writing skills are closely related; poor
readers are also less successful in writing tasks than their peers (Berninger, Nielsen, et al.,
2008; Berninger, Winn, et al., 2008; Hatcher et al., 2002). Moreover, in accordance with
common practice, dyslexia entails not only reading difficulties. It is commonly associated
to disorders of writing skills (Heien & Lundberg, 2000; Lindgrén, 2012). Thus, in order to
gather information about a wider range of skills, 26 questions were added. More
specifically, ADDA included 10 questions about writing difficulties, 3 about writing
habits, 4 about reading, and 4 more about associated difficulties. Furthermore, the
balanced bilingualism (Spanish-Catalan) that characterizes the population of Girona
made of special interest the introduction of 3 questions concerning mother tongue and
second language learning and use. A question about the most difficult subjects during the
school years was also included. Finally, respondents were asked about their hand
preference. The questions related to work experience were removed. Thus, the final
version consisted of 67 items that inquired about 7 aspects (see Appendix A):

Section 1. School and learning to read experience (9 items). This section inquires about
the student’s experience at school, learning to read and write, mother tongue, and
learning other languages.

Section 2. History of learning disabilities (6 items). This explores whether students had
been previously diagnosed with specific learning disabilities such as dyslexia,
dysorthography, dysgraphia, and/or dyscalculia, and if they had received treatment.

Section 3. Current reading-writing difficulties (26 items). The respondents identify which
of the difficulties expressed by the statements best describes their reading and
writing skills. This section contains the critical items on which reading skills are
estimated, and which are used for statistical analysis, and interpretation.

Section 4. Associated difficulties (14 items). This section explores four types of difficulties
associated with a specific reading and writing disability: speech, working memory,
attention, and spatial-temporal difficulties.

Section 5. Family history of learning disabilities (2 items). Since one of the predictors for
the risk of a specific reading and writing disability is the appearance of these
disabilities in one or more close relatives (parents, siblings, grandparents), this
section explores if other family members have difficulty reading or writing or have
been diagnosed with learning disabilities, specifically dyslexia, dysorthography,
dysgraphia, or dyscalculia.

Section 6. Reading habits (7 items). This section contains questions concerning attitudes
(likes and frequency) towards reading.

Section 7. Writing habits (3 items). This section contains questions concerning attitudes
(likes and frequency) towards writing.

As it was intended to access as many students as possible, a paper-based and a
computer-based application forms were designed. Previous studies have shown that
programs supported by new technologies tend to increase students’ motivation (Barker &
Torgesen, 1995; Macaruso & Walker, 2008; Rojas, 2008; Timoneda et al., 2005; Wise et al.,
2000). Furthermore, using a computer facilitates filling the self-report.
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4.4.2.3 Procedure

Three examiners (i.e., trained university teachers) received two sessions training to use
and instruct the participants how to fill in both versions of the ADDA self-report: paper-
based and computer-based. Care was taken not to bias the participants’ responses. Then
teachers from different faculties and/or schools were contacted to allow the self-report
application during their class. Thus, the survey was conducted in several university
classrooms.

The paper-based version was given in the classrooms where the students usually
attend lectures. The self-reports were answered individually. The examiner gave
instructions and remained in the classroom until the participants completed the form.
The total time needed to complete it was 20 minutes.

The computer-based procedure was administered using detectLD (Mejia, Clara, et al.,
2011). Questions were presented in text and audio format. Participants used the mouse or
keyboard to choose answers. Thus, the computers had to be equipped with a screen, a
keyboard, a mouse, headphones, and an Internet connection. Participants completed this
version within 8 and 12 minutes.

One or two examiners remained in the classroom until the questionnaire was fulfilled.

Previously, participants were asked if they have had problems with hearing, vision,
motors, or other serious disorders in order to exclude them from the sample.

4.4.3 Results

4.4.3.1 Descriptive analysis

4.4.3.1.1 Prevalence

This study allows determining a percentage of students showing LD at the University of
Girona. Items 10, 11, 12, 13, and 15 from Section 2 were intended to explore the students’
history of LD. As shown in Table 4-4, author found that 76 participants (14.8%) had
consulted a specialist in LD, and 62 (12.1%) had been assessed for some of these
disabilities. A total of 59 participants (11.5%) indicated a previous diagnosis of some type
of LD (dyslexia, dysgraphia, dysorthography or dyscalculia), but, only 39 participants
(7.6%) reported they had received treatment. Moreover, 32 participants (6.2 %) indicated
they might have a reading or writing disability, although only 13 of them had been
previously diagnosed with a LD.

Table 4-4. Frequency and percentages of students with a history of LD

10. Have you ever visited a specialist? 76 14.8
11. Have you been assessed? 62 12.1
12. Have you been diagnosed? 9 11.5
|13. Have you received treatment? I39 |7.6 |
|15. Do you think you have a reading or writing disability? |32 |6.2 |

Of the 59 participants with a previous diagnosis of LD (see item 12 in Table 4-4), only
27 (5.26%) reported that they had consulted a specialist, had been assessed, diagnosed
and/or had received treatment; and 10 (1.95%) had consulted a specialist and/or had been
assessed and diagnosed, but did not report having received treatment. An unexpected
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result was that 10 participants (1.95%) reported diagnosis and treatment, however they
did not reported having visited a specialist or having been assessed. The remaining 12
participants (2.34%) indicated they had been diagnosed, but did not provide more
information about their difficulty. The distribution of the 59 participants with a previous
diagnosis of LD is shown in Table 4-5. None of these participants reported having more
than one of the three diagnoses.

Table 4-5. Frequency and percentages of students with a previous diagnosis of LD

Diagnosis
Dyslexia 27 5.26
Dysgraphia/dysorthography 29 5.65
Dyscalculia 3 0.58

As shown in Table 4-6, it is worth noting that most of the participants who had been
diagnosed with some reading and writing disability (i.e., Dyslexia, Dysgraphia or
dysorthography), i.e., all those who have difficulties closely related to dyslexia (see
Section 2.8.2) were enrolled at the Polytechnic School (30 participants from the total
sample, 15.9% by faculty) and the Faculty of Business and Economic Sciences (7
participants from the total sample, 14% by faculty). It is also interesting to note that of
these participants, 39.29% (22 of 56) reported having a family member with a LD.
Additionally, this study also allowed us to examine the impact of gender, most
participants with reading and writing disabilities were males (33 of 56), whereas females
reported in fewer cases any disability (23 of 56).

Table 4-6. Frequency and percentage of reading and writing disability diagnosis
distributed by faculty and academic program

Faculties and/or Academic program Frequency Reading and writing
Schools disability diagnosis
Dyslexia Dysgraphia/
Dysorthography

Polytechnic Architecture 0 0 0 15.9
School Electrical Engineering 3 1 2

Industrial Electronics and Automatic |4 2 2

Control Engineering

Computer Engineering 14 6 8

Mechanical Engineering 5 4 1

Chemical Engineering 4 3 1

Total 30 16 14
Faculty of Tourism 0 0 0 0.0
Tourism

Total 0 0 0
Faculty of Biology 0 0 0 0.0
Science Biotechnology 0 0 0

Environmental Science 0 0 0

Chemistry 0 0 0

Total 0 0 0
Faculty of Business Administration and 3 1 2 14.0
Business and Management
Economic Economics 4 1 3
Sciences

Total 7 2 5
Faculty of Law |Criminology 3 1 2 10.6

Law 6 4 2
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Faculties and/or Academic program Frequency Reading and writing
Schools disability diagnosis

Dyslexia Dysgraphia/
Dysorthography

Total 9 5 4
Faculty of Pedagogy 4 2 2 7.2
Educationand  |Psychology 1 0 1
Psychology Social Work 5 2 3
Total 10 4 6
Total 56 27 29 10.9

2 Percentage of participants with reading and writing disability diagnosis of the total participants by faculty (see
Table 1). For example, 0.159 is of (30 participants with diagnosis) / (189 participants of the Polytechnic
School).

44.3.1.2 Common reading difficulties

Section 3 aim to explore current reading-writing difficulties. Thus, it could be uses as a
tool to identify the most common reading difficulties in a population of university
students (see Table 4-7). Misspellings were reported by 46.2% of the participants (item
28), 36.5% needed a second reading of the text (item 21), 35.7% found it difficult to use
complex sentences (item 36), and 28.1% found it difficult to concentrate (item 24). Only
statements with an answer rate above 25% were considered.

However, when the 56 participants previously diagnosed with a reading and writing
disability were considered separately, a different pattern of difficulties emerged. In
addition to the above descriptions, these participants indicated difficulties related to
finding the right word (37.5%, item 39) and acquisition of new vocabulary (35.7%, item
40); difficulties in extracting the idea of a text (35.7%, item 19) or in expressing it (30.4%,
item 33); difficulties due to reading at a slow pace (30.4%, item 20) and the tendency to
omit and/or confuse letters (32.1%, item 16). In relation to writing, they acknowledged
their poor fluency (33.9%, item 32), their illegible writing (33.9%, item 37), and the
constant need to check their spelling (28.6%, item 25). These responses are worth noting
since they may be an indication of the kinds of permanent difficulties shown by poor
readers in spite of years of training.

Table 4-7. Frequency and percentages from items about current reading-writing

difficulties
Total sample With reading and writing
(N=513) disability (N=56)
’ N %

16 [ omit and/or confuse letters when reading. 47 9.2 18 32.1
17 [ omit and/or confuse words when reading. 51 9.9 14 25
18  |I do not understand well what I read. 70 13.6 13 23.2
19 [ have difficulties extracting the main idea of a textina [121 23.6 20 35.7

first reading.
20 |[[ have to read slowly to avoid confusion. 122 23.8 17 30.4
21 [l usually need to go back to the text. 187 36.5 26 46.4
22 |l find it difficult to read aloud. 59 11.5 12 21.4
23 My understanding of a text is better when someone 95 18.5 14 25.0

reads it for me.
24 |l find it difficult to concentrate on reading. 144 28.1 20 35.7
25 |[[ need to constantly check my spelling. 128 25 16 28.6
26 |l omit and/or confuse letters when writing. 41 8 11 19.6
27 |l omit and/or confuse words when writing. 36 7 13 23.2
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Total sample With reading and writing

(N=513) disability (N=56)

28 |l often misspell words. 237 46.2 28 50.0
29 [l confuse the order of numbers. 15 2.9 4 7.1
30 |l change word order when writing. 14 2.7 7 12.5
31 | have difficulties using punctuation. 59 11.5 13 23.2
32 |l find it difficult to write fluently and accurately. 74 14.4 19 33.9
33 |When writing, I find it difficult to express myself. 90 17.5 17 30.4
34 |l find it difficult to organize an essay. 86 16.8 10 17.9
35  |When writing, I find it difficult to distinguish between 46 9 11 19.6

nouns, verbs, adjectives, and adverbs.
36 |When writing, I rarely use complex and embedded 183 35.7 26 46.4

sentences (with more than two verbs).
37 My handwriting is illegible or difficult to read. 126 24.6 19 33.9
38 [l frequently mix lowercase and capital letters at random. |44 8.6 10 17.9
39 |Ifind it difficult to find the right word. 115 22.4 21 37.5
40 [l find it difficult to acquire new vocabulary. 97 18.9 20 35.7
41 |l mispronounce or use the wrong words. 68 13.3 11 19.6

44.3.1.3 Profiles of reading difficulties

In order to discriminate between students with and without symptoms of dyslexia, two
profiles were defined based on the number of YES responses to the items in Section 3,
concerning current reading-writing difficulties.

Profile A includes students who reported having five or more difficulties. These
students were advised to seek an in-depth assessment to determine whether or not they
have dyslexia and to provide specialized help and feedback to overcome their difficulties.

Profile B includes students who reported not having difficulties or did it in fewer than
five items. These students were not advised to seek assessment and/or advice.

All participants were provided with a report (feedback) that explained their profile.
The report included the mean frequency of occurrence of any difficulty, so that
participants could know how frequent their difficulties were into the general university
population.

The information provided in other sections was also included: how they managed
during their school years (section 1) or their personal (section 2) and family (section 5)
history of LD, as well as what reading and writing habits they have (sections 6 and 7). All
these information could be used as criteria to tune up the profiles in a clinical context as
well as to facilitate the creation of personalized recommendations from the experts. What
is more, answers to section 4 could be used to provide some clues about other difficulties
commonly found among people with LD, and could be used to determine the severity of
these difficulties. However, this exceeds the goals of this study.

Two hundred and twelve participants (41.3%) were classified in profile A. These
participants were recommended for an in-depth assessment to determine whether or not
they have dyslexia and to provide specialized advice that could help them overcome
their difficulties and improve their academic outputs. The remaining 58.7% were profile
B students.

On the other hand, when the answers given by profile A participants in the other
sections were analyzed, it was found that 42.5% of them did not fare well during their
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school years, 25.45% reported a history of LD, and 31.81% reported having a family
history of LD. Regarding the answers for associated difficulties, 57.5% of these
participants reported four or more difficulties, which could indicate a severe dyslexia.
Finally, 12.7% of these participants reported they did not engage in activities related to
reading, and 53.1% did not engage in activities related to writing.

Finally, it is worth noting that the mean frequency of occurrence of difficulties in
section 3 and 4 reported by the total sample was 4.591 (SD=3.99), and 3.345 (SD=2.37),
respectively.

4.4.3.2  Reliability and correlation analysis

44321  Reliability

Cronbach’s alpha (a) was calculated to assess the reliability of ADDA. Analyses were
performed both taking all the items together and each section separately. The coefficient
value for the total self-report questionnaire was 0.850, which indicates satisfactory
reliability and demonstrates internal consistency. However, the reliability could be
improved to 0.862 if items 36 (use complex sentences), 55 (use a computer) and 67 (writing
preferences) were removed. In the analysis by sections, it is worth noting a satisfactory
reliability value obtained for section 3 (a=0.842), since it would be used to predict the
presence or absence of dyslexia and suggest specialized advice. It is also interesting that
sections 2 (a=0.713) and 5 (a=0.579) corresponding to personal and family history of LD
have satisfactory values, considering that these are key factors for the detection of
dyslexia. Additionally, section 4 (x=0.689) which provide some clues about associated
difficulties have a satisfactory value, and it could be used to determine the severity of
dyslexia. Section 6 (a=0.533) and 7 (a=0.576) corresponding to reading and writing
practices have moderate values. However, section 1 (a=0.167) which refer to school years
has a low reliability.

4.4.3.2.2 Correlation

ADDA correlations were calculated using the Kappa coefficient and studying the
relationship of items 16-41 to current reading-writing difficulties and previous diagnosis
of a reading and writing disability. Correlations are shown in Table 4-8. Items with very
low correlations were dropped.

Table 4-8. Correlations between previous diagnosis of reading and writing disability and
reported difficulties

16. I omit and/or confuse letters when reading. | 278%**
17. I omit and/or confuse words when reading. | 176%**
18. I do not understand well what I read. .097%
19. I have difficulties extracting the main idea of a text in a first reading. .090%
22. 1 find it difficult to read aloud. .109*
26. 1 omit and/or confuse letters when writing. . 148***
27.1 omit and/or confuse words when writing. 216%**
29. I confuse the order of numbers. .070*
30. I change word order when writing. .163%**
31. I have difficulties using punctuation. .128%*
32. 1 find it difficult to write fluently and accurately. .192%%*
33. When writing, I find it difficult to express myself. .114**
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35. When writing, I find it difficult to distinguish between nouns, verbs, adjectives and adverbs. |.130**

38. I frequently mix lowercase and capital letters at random. 115%*
39. I find it difficult to find the right word. 116%*
40. I find it difficult to acquire new vocabulary. .143%**

*p < .05.4p < .01.***p < .001.

The items with a higher correlation were confusing letters (r=0.278, p< .001), or words
(r=0.176, p <.001) when reading; omitting and/or confusing words (r=0.216, p <.001),
omitting and/or confusing letters (r = 0.148, p <.001) or changing word order when
writing (r=0.163, p <.001), lack of fluency and accuracy (r=0.192, p < .001), and poor
acquisition of new vocabulary (r=0.143, p < .001). Thus, it is expected that these items
might best discriminate between students with and without reading and writing
disabilities.

One-way ANOVAs confirmed that having a previous diagnosis of reading and
writing disability influences affirmative answers in items 16 (F=43.086, p < .001), 17
(F=16,367, p <.001), 26 (F=11,826, p < .001), 27 (F=26,479, p < .001), 30 (F=23,558, p <.001),
32 (F=20,053, p <.001) y 40 (F=11,801, p < .001). It was also found a main effect in items 31
(F=8,582, p <.01), 33(F=7,207, p < .01), 35 (F=8,895, p < .01), 38 (F=6,971, p < .01), and 39
(F=8,324, p < .01). As expected, items 20, 21, 23, 24, 25, 28 and 34 obtained low scores. This
could be interpreted as a lack of relationship with having been previously diagnosed.

4.4.4 Discussion

The present study was designed to assess the usefulness of ADDA as a tool for detecting
students with reading difficulties. To do that, first, it was estimated the proportion of
students with and without previous diagnosis of reading and writing disability (i.e.,
Dyslexia, Dysgraphia or dysorthography) at the University of Girona, and their
distribution across university programs. Second, it was explored the most common
reading difficulties. Third, two profiles were defined: Students reporting current reading
difficulties (Profile A), and normal readers (Profile B), and feedback was provided to
every student. Finally, reliability and correlation analysis were made in order to assess
the items of ADDA, one-way ANOVAs were also calculated.

As earlier studies (Corley & Taymans, 2007; Heiman & Precel, 2003), it was intended
to characterize adult populations. The results showed a high percentage of students who
reported a previous diagnosis of LD (Allor, Fuchs, & Mathes, 2001; Bassi, 2010; Hatcher et
al., 2002; Jameson, 2009; Kalmar, 2011; Madaus, Foley, Mcguire, & Ruban, 2001; Scanlon
et al., 1998). There was a prevalence of reading and writing as opposed to other types of
disabilities, e.g., mathematics (Diaz, 2007; Gregg, 2007; Roongpraiwan, Ruangdaraganon,
Visudhiphan, & Santikul, 2002; Sally E. Shaywitz, 2005; Sparks & Lovett, 2010). It is also
worth noting that these results were consistent with results reported by some
epidemiological studies (see Section 2.8.4).

Unexpectedly, there was a weak relationship between having a diagnosis of reading
and writing disability in the past and receiving treatment. Most students with a previous
diagnosis had not received suitable training to cope with their difficulties, so they had to
develop their own strategies to succeed in their secondary school studies and to start a
university program (Lefly & Pennington, 1991; Ransby & Swanson, 2003). These results
revealed the lack of well-defined procedures for establishing the diagnosis of reading and
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writing disabilities and the absence of strategies for tracking previously diagnosed
students. Therefore, it is clearly important to establish university programs to provide
advice and support. In this sense, the use of self-report questionnaires could be effective
tools to detect students, as has been verified in Gilger et al. (1991), Gilger (1992), and
Lefly and Pennington (2000).

Students’ perceived ability to read and write undoubtedly plays an important role
when they have to choose an academic program (Ingesson, 2007; Mcloughlin et al., 2002).
Since reading is one of the most resources used during school life in any academic
program, it tend to think that engineering careers as well as those related to numbers
offer less demand on reading, while careers of the health and humanities areas offer
increased reading load. Thus, it is believed that most students with a previous diagnosis
of dyslexia or some reading difficulties prefer academic programs with low demands on
reading skills. This preference is clearly observed since most of the students classified in
Profile A (i.e., students with some reading difficulties) of this sample were enrolled at the
Polytechnic School and the Faculty of Business and Economic Sciences.

Another interesting observation concerns to family history. The findings underline the
effect of familial risk of dyslexia: a representative percentage of affected students
reported that their relatives were also affected. This result is relevant since previous
studies had considered having a family history of LD one of the best predictors for the
presence of reading and writing disabilities (DeFries & Gillis, 1993; Lefly & Pennington,
2000; R. Olson & Byrne, 2005).

Regarding students’ gender, a higher rate of males than women reported having
difficulties, as has often been found in previous studies (Allred, 1990; Newman, Fields, &
Wright, 1993).

There were some difficulties commonly reported. Declaring having misspellings,
needing a second reading, finding it difficult to use complex sentences, and finding it difficult to
concentrate was independent of the students’ reading status. However, items such as I
omit and/or confuse letters when reading, 1 omit and/or confuse words when writing, I omit
and/or confuse letters when writing, and I change word order when writing were reported
almost three times more frequently by students with a previous diagnosis (Ahissar, 2007;
Démonet, Taylor, & Chaix, 2004; Goswami, 2011; Ramus et al., 2003). These students also
reported difficulties that show their inability to accurately access words and letters, to
speak fluently, and to read efficiently. As a consequence, these items could be regarded
as criteria to discriminate between students with and without diagnosis of dyslexia

Altogether, these results point out, once again, that difficulties do not disappear with
age or training. On the contrary, compared to their peers students with dyslexia, despite
their efforts, show a rather poorer performance (Bekebrede, Van Der Leij, Plakas, Share,
& Morfidi, 2010; Goswami, 2010; Hatcher et al., 2002; Lyon et al., 2003; Miller et al., 2006;
Miller-Shaul, 2005; Ramus et al., 2003; Sally E. Shaywitz et al., 2003, 2008; Simmons &
Singleton, 2006; Wolff & Lundberg, 2003). On the other hand, there is some evidence that
students make accurate reports of their abilities. First, all of the students with a previous
diagnosis were classified as profile A. Second, the reported difficulties were not equally
distributed among students. Common difficulties such as having misspellings were
frequently reported, while those related to word or letter scrambling were mainly reported
by students who had been previously diagnosed.
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Furthermore, the average number of difficulties reported did not exceed 4, so having
five or more difficulties, as it is assumed, could be regarded as an appropriate criterion to
include the students within the group of Profile A.

Finally, it is worth noting that correlations between reported difficulties and previous
diagnosis of reading and writing disability were associated with the common difficulties
that were detected. These correlations indicate that higher values (see Table 4-8) are more
related to a reading and writing disability; again, the significant correlations were to word
or letter scrambling as well as lack of fluency and accuracy and poor acquisition of new
vocabulary. Fact which is evidenced with the one-way ANOV As calculated.

Moreover, the satisfactory reliability of ADDA and the relatively high alphas in each
section give us confidence to develop further research using this self-report
questionnaire. It has demonstrated an internal reliability and furthermore of at least 6 of
its aspects separately.

Nevertheless, the findings of this study need to be viewed in light of several
limitations. First, ADDA is a tool to detect the presence of reading difficulties or
subjective symptoms implying dyslexia, which may lead to recommendations for specific
testing. Second, as mentioned in Section 2.8, ADDA might also consider motivational and
affective aspects, which could be used as criteria to adjust more the reading profiles
found and facilitate the creation of personalized recommendations from the experts.
Third, although students were balanced bilinguals (i.e., Catalan and Spanish speakers),
further research should be carried out to explore the influence of bilingualism on the
development of reading-writing skills, specifically in those cases with difficulties.

Hence, it is necessary to continue this research study to consider its validity as a
predicting tool using specific standard tests (e.g., performance on a battery of cognitive
tasks). Moreover, it is necessary to analyze the influence of new sections in ADDA as
"motivation" and "affective", as well as the restructuration of some questions based on the
findings of this case study (see Appendix B). Furthermore, it is recommended to study
the influence of each section of ADDA for defining the profiles (i.e., Profile A or Profile
B). Although the profile currently relies on the analysis of questions in Section 3 (i.e.,
Current reading-writing difficulties); further analysis can be carried out on other sections
to improve the definition of this profile. Future research may provide a clearer picture of
the distribution of reading-writing difficulties among Spanish-speaking university
students. There is, of course, a need to replicate these findings and to validate them in
other university contexts.

4.5 ADEA: Self-report Questionnaire to Detect Learning Styles

Many students with dyslexia have acknowledged that using learning style has helped
them to understand the ways in which they learn, to understand their strengths, even
their weaknesses, and to develop appropriate strategies (Coffield et al., 2004; Mortimore,
2008; G. Reid, 2001; Rodriguez, 2004; Scanlon et al., 1998). Therefore, in this dissertation,
the use of a Spanish translation of the Felder-Silverman’s Index of Learning Styles (ILS)
(Felder & Silverman, 2002) to detect learning styles of students with reading difficulties
who may have dyslexia was proposed.
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This tool was selected after reviewing numerous model in electronic and/or paper
form (Coffield et al.,, 2004; Curry, 1987; Graf, 2007; Mejia, 2009; Mortimore, 2008;
Rodriguez, 2004; Vélez, 2009), in particular, reasons such as (1) it it has aimed at
university students, particularly it has been tested with dyslexic students (Beacham et al.,
2003), (2) it is easy to administer and takes short time, (3) it is also easy to fill-in, which
helps to avoid biased responses, and (4) it has tested in electronic form, (5) to date, it has
been the most validated and tested in e-learning systems (see Table 2-7), (6) it provides a
common language for teachers and students to discuss and promote changes in learning-
teaching process, and (7) it has been validated, and shown to produce reliable results. In
addition, it provides feedback about stratetegies to learn.

This study is focused on testing the usefulness of ILS to detect learning styles in
university students with dyslexia symptoms, i.e., reading difficulties. It was also intended
to identify the most preferred learning styles of these students. Besides it was intented to
inquire whether or not students were satisfied with their learning style.

To achieve these aims, as mentioned above, the ILS also was administered using
detectLD (Mejia, Clara, et al., 2011). And for practical purposes this translated and
computer-based version was called ADEA, self-report questionnaire to detect learning
styles (acronym for Spanish name Autocuestionario de Deteccion del Estilo de Aprendizaje).

The analyses of the students’ answers would provide information about the learning
style of these students and allow evaluating the usefulness of ADEA as a tool to detect
compensatory strategies or preferences in students who may have dyslexia. Thus, issues
raised for studying the learning style of students with reading difficulties (see Section
2.9.2.1): How these students learn? How can these students improve their performance?
and How to enhance their learning? could be answered.

4.5.1 Study Description

The present study focused on the learning styles of university students who may have
dyslexia (i.e., students with symptoms of dyslexia). Students were questioned about four
learning dimensions: processing (active or reflective), perception (sensitive or intuitive),
input (visual or verbal), and understanding (sequential or global). For each dimension,
the students responded 11 questions about their preferred way of learning. The self-
report consisted of a total of 44 questions, and it was delivered to students in Spanish
language.

4.5.2 Method

4.5.2.1 Participants

Thirty-seven students (18 male and 19 female) of one course at the University of Girona
(Spain) and the other at the University of Cordoba (Colombia) with ages ranging from 21
to 53 years (M=26.43, SD=6.067) participated in this study. All these students previously
completed ADDA and they were selected because had a Profile A: students with
symptoms of dyslexia (see Section 4.4.3). Eight students were found with a previous
diagnosis of dyslexia, i.e., they had been formally diagnosed with dyslexia during their
primary or secondary schooling, through an official psychoassessment procedure. All
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students used the computer-based version. Frequencies and percentages by university
and gender are shown in Table 4-9.

Table 4-9. Frequencies and percentages of participation by university and gender

University Frequency % ‘

M F
University of Girona 26 11 15 70.3
University of Cérdoba 11 7 4 29.7
Total 37 18 19 100

4.5.2.2 Instruments: ADEA

The Felder-Silverman’s Index of Learning Styles (ILS) (Felder & Silverman, 2002), called
in the cases studies of this dissertation ADEA combines several learning style models in
its four dimensions (i.e., processing -Active/Reflective-, perception -Sensitive/Intuitive-,
input -Visual/Verbal-, and understanding -Sequential/Global-), giving a more detailed
description of the students. Additionally, it includes learning strategies, motivation for
learning and preferences for organizing information.

Fundamentally, the four dimensions come from the anwwers given by the authors to
the questions close to the model of learning styles proposed by Curry (Curry, 1987):

e How does the student prefer to process information?

e What type of information does the student preferentially perceive?

e Through which sensory channel is external information most effectively
perceived?

e How does the student progress toward understanding?

This tool is a set of 44 questions which allow inquiring the strategies that a student
employs or prefers to select, process and work with information. These questions are
organized into groups of 11 to evaluate each of the four dimensions. Each question poses
two possible situations as answer. Although an answer does not necessarily exclude the
other, students tend to prefer one over another. For example, in the processing dimension
a student can be sometimes active and others reflective, but frequently a preference
(strong or moderate) exists for one category or the other. Some studies of Felder (1989;
1990; 1993) have found that the most students (normal students) are visual and
sequential. However, a balance of the two values for each dimension and to be able to
perform actions in both directions is desirable. In any case, when a preference for one
category is strong, the learning process could improve its effectiveness with an
instruction adapted to this learning style. Table 4-10 provides the students’ preferences in
each category and dimension.

Table 4-10. Students’s preferences according to learning style

Dimension  |[Learning style ’Preferences

Processing Active They prefer to learn by doing and tend to rush into learning situation.
Reflexive They prefer to think about the situations on their own before starting.

Perception Sensitive They prefer learning facts and solving problems by well-known methods.
Intuitive They prefer to discover possibilities and relationships. Initiative students also

tend to be more comfortable with abstractions and mathematical detail.

Input Visual They prefer to learn using pictures, diagrams, flow charts, time lines, films and
demonstrations.
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Dimension |Learning style |[Preferences
Verbal They prefer to learn using words — written or spoken.

[Understanding|Sequential They prefer to learn in linear steps, with each step following on logically from
the previous one.

Global They prefer to absorb the material randomly without necessarily seeing
connections. Global students also tend to learn in large jumps.

The preference for a particular learning style may vary on a scale of 1 to 11, it can be
from very strong to almost nonexistent and be sensitive to the time and circumstances of
the student.

4.5.2.3 Procedure

Two examiners (i.e., trained university teachers) conducted the case study. The first
examiner was responsible for applying the self-report in University of Girona, while the
second examiner was in charge apply it in University of Cordoba. The self-report was
administered individually according to the time available for each participant. It was
delivered to participants in Spanish language.

For that, detectLD (Mejia, Clara, et al., 2011) was used. Questions were presented in
text and audio format. Participants used the mouse or keyboard to choose answers. Thus,
the computers had to be equipped with a screen, a keyboard, a mouse, headphones, and
an Internet connection. Participants completed the self-report approximately in 10
minutes.

Once the questionnaire was completed by participant, he/she can visualize the
generated report and indicates whether or not he/she agree with it.

4.5.3 Results

Table 4-11 shows the types of learning styles preferred by 37 participants. For example, in
the processing dimension there were 27 participants (73%) who possess an Active
learning style preference, 26 (70.3%) who possessed a Sensitive learning style preference
in the perception dimension, 32 (86.5%) who possessed a Visual dimension in the input
dimension, and 23 (62.2%) who possessed a Sequential learning style preference in the
understanding dimension. Thus, participants in this case study tend to be Active,
Sensitive, Visual, and Sequential.

Table 4-11. Frequencies and percentages of learning styles for the students with reading

difficulties
Dimension ‘ Learning style ‘ Frequency ‘ Percentage

Processing Active 27 73
Reflective 10 27

Perception Sensitive 26 70.3
Intuitive 11 29.7

Input Visual 32 86.5
Verbal 5 13.5

Understanding Sequential 23 62.2
Global 14 37.8

With a few exceptions, the distribution of each type of learning style was shown in broad
agreement with the distribution obtained in previous studies for university students
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(Baldiris, 2012; Graf, 2007; Pena, 2004). For example, in Baldiris (2012) a sample of 30
participants, 60% of the participants were found to have an active preference, 63.33% a
sensitive preference, 83.33% a visual preference, and 53.33% a global preference. In Graf
(2007), a sample of 207 participants revealed that 57% of them had an active preference,
58% a sensitive preference, 87% a visual preference, and 56% a global preference. In Pefia
(2004), a sample of 25 participants showed that tends to be active, sensitive, visual and
sequential. According with the results of these studies, there was only a small difference
regarding the preference of sequential participants. In this study, the results show that
the most participants possess a sequential preference while Graf (2007) found a greater
global preference and Baldiris (2012) did not find significant differences.

Figure 4-7 presents the preferred learning style of 8 participants with a previous
diagnosis of dyslexia (namely dyslexic) and 29 participants with symptoms of dyslexia
(namely possible-dyslexic). According to the results, dyslexic participants tend to be
Active, Sensitive, Visual, and Sequential. No difference was found in this tendency with the
group of possible-dyslexic participants. The most significant difference was in the
processing dimension where 34.5% of possible-dyslexic participants were reflective while
none were found dyslexic. Furthermore, 8 dyslexic participants (100%) favour the active
and visual learning styles while 24 possible-dyslexic participants (82.8%) favour the visual
learning style. A small percentage of participants in both groups demonstrated a verbal
learning style.
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Figure 4-7. Learning styles of dyslexic and possible-dyslexic students

These results in the Figure 4-7 agreed with previous studies (Alty, 2002; Beacham et
al., 2003; Mortimore, 2008). There was a small difference regarding the preference of
visual students (Alty, 2002). However, in subsequent studies of the author (Beacham et
al., 2003), the results shown that the dyslexic participants possess a strong visual
preference.

In this study, the visual preference of the dyslexic participants (100%) is stronger than
that of the possible-dyslexic participants (82.8%). It was to be expected since dyslexic
people do tend to be talented in the areas of creativity and visual thinking (Mortimore,
2008; West, 1997).
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There is also a small difference in the preference of sequential learning style compared
with other studies (Beacham et al., 2003; Mortimore, 2008). In these studies, dyslexic
participants’ preferences were skewed towards global students. Further research would
need to be carried out in order to assess whether there is a significant difference.

With regard to the question of satisfaction with the learning style, participants
indicated being “satisfied”, “neutral” or “not satisfied” with their learning style. As shown
in Table 4-12, it was found that 35 students (94.6%) were satisfied with the learning style
detected. Only 2 students (5.4%) were neutral, and none of the participants indicated
being not satified. All dyslexic participants were satisfied.

Table 4-12. Frequencies and percentages of satisfaction with the learning styles

Learning style ‘ Frequency ‘ Percentage
Satified ' 35 ' 94.6
Neutral 2 54
Not satisfied 0 0

4.5.4 Discussion

This study was designed to investigate the preferred learning style of students with
symptoms of dyslexia (i.e., students with reading difficulties). It also seeks to know
whether students were or not according to the delivered learning style.

Regarding the preference, students showed a preference for learning styles Active,
Sensitive, Visual, and Sequential. Separating the sample 8 dyslexics found, it is noted that
the learning style preference did not vary for this group. It might indicate that students
with reading difficulties, either because they are dyslexics or because they are poor
readers, may have similar learning preferences due to reading difficulties presented.
However, to reach this conclusion, it is necessary to expand the sample of students and
consider if they are really dyslexics or just poor readers. Future work includes the
execution of additional experiments with larger samples of university students with
reading difficulties knowing if they are dyslexics and poor readers, so as to evaluate their
learning preferences. Additionally, it may be interesting to consider the preference for a
particular learning style in the scale of 1 to 11 proposed in the model of Felder and
Silverman (2002), in order to refine the preferences of each student and provide a tighter
feedback. This preference can be set at levels of strong, moderate or mild, in each of the
dimensions.

In relation to the degree of agreement of students with learning style delivered, the
most students were agreed with their learning styles. However, it is necessary to continue
this research study to consider its validity with a large sample of university students with
dyslexia.

There is, of course, a need to replicate these findings and to validate them in different
academinc programs and other university contexts.

4.6 Summary

Dyslexia often persists into adulthood. Though adult dyslexics are able to compensate
with certain strategies, they continue to show several difficulties during the learning
process at the university. A review of the literature shown that university students with
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dyslexia may not have been diagnosed and/or treated before starting their studies at
university. Furthermore, in Spain, university students are not questioned about their
learning disabilities and specially the dyslexia; therefore, the number of specific cases is
unknown. In this chapter three parallel ways for detecting university students with
reading difficulties were proposed:

1. Detect their demographics: to achieve this, a set of forms that capture demographics
of the students such as name, sex, birthdate, country, institution, academic level,
among others was proposed.

2. Detect their reading profiles: since, at present, there is no tools adapted and
standardized for detecting adult Spanish-speaking population with reading
difficulties who may have dyslexia, in this chapter, a self-report questionnaire, called
ADDA (acronym for the Spanish name Autocuestionario de Deteccién de Dislexia en
Adultos) that define two reding profiles, namely: students reporting current reading
difficulties (Profile A), and normal readers (Profile B) was proposed. Thus, a first
version of ADDA, which consisted of 67 items (see Appendix A), was created, and
later, based on the case study presented in this chapter, ADDA version was
extended to 100 items (see Appendix B).

3. Detect their learning styles: in this case, the Felder-Silverman’s Index of Learning
Styles (ILS) was adopted. This is a self-report questionnaire to detect learning styles,
which for practical purposes was called ADEA (acronym for Spanish name
Autocuestionario de Deteccion del Estilo de Aprendizaje) in this research work. The
Spanish translation of the ILS used in this research work is presented in Appendix C.

Both ADDA and ADEA were administered using a software tool devoted to the
delivery and review of self-report questionnaires, called detectLD. This tool was
originally designed and developed for storing self-reports related to LD (e.g., for
dyslexia, dyscalculia, dysphasia, and attention deficit disorder), but later its approach
was extended to support other self-reports as the ILS.

This chapter also presented different case studies in order to test the tools proposed.
First, a case study with 17 students from the University of Girona (Spain) allows testing
the functionality and the usability of detectLD, to check the comprehensibility of ADDA
(i.e, how easy it is to read this self-report by the students), and to calculate the average
time that the students take to complete it. Results showed a satisfaction percentage of
students quite high in terms of usability of detectLD and comprehensibility of the
ADDA'’s questions. In addition, these results allowed improving this tool with new
functionalities in order to use it with more self-reports and university students.

Second, a case study with 513 students from the University of Girona (Spain) allows
estimating the percentage of students that inform of having dyslexia, know the most
common reading difficulties presented by these students, and identify their reading
profiles. This case study endorses the view that adult students are good at assessing their
skills. Consequently, ADDA gather the advantages of self-reports. It is easy to administer
and short time taken, what makes it a suitable tool for screening university students with
reading difficulties from fairly large samples with low cost. It is also worth noting that
the responses to ADDA have revealed a number of students with subjective symptoms
that have not received any assistance. Then, ADDA may play an important role in
screening students that could greatly benefit from advice and training. Furthermore,
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ADDA explores both reading and writing performances. Dyslexia studies have
frequently disregarded spelling or writing. However, it has been noted that while
reading ability may improve over time, writing skills often remain poor (Heien &
Lundberg, 2000). Finally, it was emphasized the novelty of ADDA, to date, there are no
self-reports for adults available with Spanish language background.

Third, a case study with 36 students from the University of Girona (Spain) and the
University of Cordoba (Colombia) allows testing the usefulness of ILS to detect learning
styles in university students with reading difficulties, identify the most preferred
learning styles, and inquire whether or not students were satisfied with their learning
style. Results showed that students tend to be Active, Sensitive, Visual, and Sequential. This
tendency was found in both students with previous diagnosis of dyslexia and students
with symptoms of dyslexia. It was also found that all students were satisfied with the
learning style detected.

Finally, it was concluded that is necessary to continue these studies to determine the
effectiveness of ADDA and ADEA with larger samples of university students with
dyslexia. Regarding ADDA consider its validity as a predicting tool using specific
standard tests (e.g., performance on a battery of cognitive tasks). In relation to ADEA
adjust the preference (i.e., strong, moderate, or mild) in each of the dimensions as well as
analyze if it could be applicable in all university programs.




ASSESSMENT OF UNIVERSITY STUDENTS WITH
READING DIFFICULTIES

As mentioned in the theoretical foundations of this dissertation, reading is a complex
activity that involves different cognitive processes operating without the student being
aware of them and which take place while the eye moves by words. These cognitive
processes are: phonological processing, orthographic processing, lexical access, processing speed,
working memory and semantic processing. All these processes are essential for reading
comprehension to be successful, and not all students perform them properly, and as a
consequence, there are individual differences and hence, reading difficulties that may
have a different origin (i.e. different cognitive processes that can be affected) in each case.

Thus, this chapter studies these cognitive processes involved in reading among
Spanish-speaking university students with reading difficulties, and proposes to evaluate
these processes to identify specific cognitive deficits. On this basis, an automated battery
for the assessment of cognitive processes, called BEDA (acronym for the Spanish name
Bateria de Evaluacién de Dislexia en Adultos), which is aims to capture cognitive deficits in
these affected students was proposed. BEDA has been built based on a multimodal
communication mechanism that delivers evaluation tasks using the visual, auditory, and
speech communication channels of human-computer interaction.

The chapter also includes some case studies to test the functionality and usability of
BEDA, as well as to recover the score scales defining when a student presented or not a
cognitive deficit and to analize and debug the BEDA’s items used to assess each of the
cognitive processes.

This chapter is structured as follows: Section 5.1 shows a brief introduction about the
assessment of university students with reading difficulties. Section 5.2 describes BEDA,
its architecture and implementation, as well as the cases studies, one for testing its
functionality and usability and other for recovering its score scales and debugging its
items. This chapter ends in Section 5.3 with a summary of the chapter.

5.1 Introduction

As mentioned before (see Section 2.8) , dyslexia is a significant LD in the acquisition of
reading, writing, spelling, and even speech (Berninger, Winn, et al., 2008; Hatcher et al.,
2002; Heien & Lundberg, 2000; Lindgrén, 2012; Lyon et al., 2003), which may be caused
by a combination of phonological, orthographic and/or lexical deficits (Booth et al., 2000;
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Forster, 1976; Marslen-Wilson, 1987; Swinney, 1979; Waters et al., 1984). Furthermore, it
may be accompanied by deficits in the processing speed, working memory and semantic
processing (Bar-Shalom et al., 1993; R. Bull & Scerif, 2001; Van den Bos, 1998).

In practice, if students at high risk of dyslexia could be diagnosed and assisted before
their deficits impede the acquisition of reading skills, i.e., in primary school, it would be
possible to prevent many failures school of these students (Jiménez & Hernandez-valle,
2000). However, there are few studies focused on dyslexia in secondary school (Bassi,
2010; Giménez de la Pena et al., 2010; D. Gonzalez et al., 2010) and little work at the
university level (Gregg, 2007; Jiménez et al., 2004; Sparks & Lovett, 2010), which reveal
that the assistance initiated in primary school does not continue into secondary school
and university. That is, there is no advice or support given after primary school, and
older dyslexic students have to cope with their deficits on their own. Moreover, if the
student’s deficits have not been identified in primary school, they are not likely to be
detected later on. Thereby, a considerable number of students whose performance is
affected by dyslexia enter university without having a previously diagnosis and
assistance.

Therefore, according to what has been presented, it is concluded that: (1) dyslexia
affects both children and adults, (2) dyslexia may be caused by a combination of deficits
in different cognitive processes, and (3) there is a clear need of high education institutions
to provide resources to diagnose dyslexia and identify deficient cognitive processes.

In this sense, the building of an assessment tool of cognitive processes related to
dyslexia in university students could represent a useful complementary resource for
students affected, as well as for teachers and experts in higher education institutions.

This chapter is focused on designing, developing and evaluating of BEDA, an
assessment battery of dyslexia in adults (acronym for the Spanish name Bateria de
Evaluacion de Dislexia en Adultos), which is aims to identify the cognitive processes that are
deficient in university students with dyslexia. Thereby, this chapter is also intended to
design the tasks and items (or exercises) that assess the cognitive processes involved (i.e.,
phonological processing, orthographic processing, lexical access, processing speed,
working memory, and semantic processing). Additionally, this chapter seeks analyze the
items used to assess each of the cognitive processes and recover the scores defining when
a student presented or not a cognitive deficit.

5.2 BEDA: Assessment Battery of Dyslexia in Adults

According to Jiménez et al. (2004), there are not tools in the Spanish language that assess
all cognitive processes (phonological processing, orthographic processing, lexical access,
processing speed, working memory and semantic processing) in the population of adult
dyslexics. Only one approach that adapted a battery from English to Spanish was
reported in (Diaz, 2007). Diaz adapted the UGA Phonological/Orthographic Battery
developed at the University of Georgia (Gregg et al., 2002), which assesses phonological
processing and orthographic processing to Spanish language. In this thesis, that work and
the analysis made in Section 2.9.3.1 of assessment tools to identify LD were used as
references so as to create a new battery that assess all cognitive processes involved in
reading in adults (e.g. university students). This battery, namely BEDA, involves
modules with different tasks to assess phonological processing (tasks of segmentation into
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syllables, phonemes, rhyme), orthographic processing (tasks of orthographic choice), lexical
access (tasks of reading words and pseudowords), processing speed (task of visual speed of
letters and numbers), working memory (task of retaining letters and words), and semantic
processing (task of reading comprehension), all of which are necessary to identify dyslexia
in university students.

BEDA has been developed using web-based technology so as to benefit of the
affordances that these technologies (specifically e-learning) can bring to the assessment of
cognitive processes. For instance, BEDA can provide precise measures such as the
response time for a task item, which is an extremely important measure in reading and
otherwise it is very difficult to obtain. In this sense, according to Fawcett, A.]., Pickering,
S., Nicolson (1993), "computer-assisted assessment provides the opportunity to build a new
generation of psychometric tests, more sensitive than traditional tests and easier to apply,
allowing, also a lower cost assessment for dyslexia (and other problems)".

Thereby, BEDA has been developed as a psychometric test, since the ultimate goal of
this study is to create a standardized procedure consisting of items, selected and
organized in tasks, which measure cognitive processes involved in dyslexia in adults. To
carry out the standardization of BEDA, an exploratory case study that let managing and
evaluates the battery with students of the University of Girona was done. This is further
explained in next sections. Moreover, at present more case studies are being conducted at
the University of La Laguna and the University of Las Palmas Gran Canaria in order to
create a more refined standardized procedure. The evaluation of BEDA have been done
in similar conditions for all students examined (normative group), with the goal of
creating a scale that serves to diagnose dyslexia and identifying underlying cognitive
deficits in the university population. After a standardization process, validity and
reliability indexes can be extracted.

5.2.1 Architecture

As mentioned before, BEDA is a computer-assisted tool developed with web-based
technology. It main objectives are to assess the cognitive processes that are deficient in
students with dyslexia, and allow the students, teachers and experts to review and
analyze the results obtained. The architecture of BEDA is modular to facilitate interaction
between the different modules. For each type of battery user a different interface is
presented depending on the permissions and tasks that can be developed. Figure 5-1
presents the architecture of the battery illustrating the components and their
relationships. The components are: 1) assessment modules, 2) management modules, 3) a web
server that stores the modules and allows communication between users and the battery
by means of a browser, and 4) a database where the data from the users, results, history,
etc. can be stored.
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Figure 5-1. BEDA's architecture

Thus, BEDA consists of eight modules: six for the assessment of each cognitive process
involved, one for the analysis of results, and one for administration purposes. Each
module designed with functions for each user type.

Since the battery is a software tool designed to be used in the university context, three
types of users in this context were identified: Experts, or users responsible for performing
activities related to the creation of tasks, the assessesment of each cognitive process, the
definition of the guidelines to present the results of students and teachers, the provision
of recommendations that teachers could follow for each student with cognitive deficits,
and the checking of student results; Teachers, or users responsible for scheduling and
activating the battery in their classes, checking the results report of the students, and
viewing the recommendations given by experts for each student with cognitive deficits;
and Students, or users that complete the battery evaluation tasks (activated by the
teachers) and check their results report.

5.2.1.1 Assessment modules

BEDA is composed of 15 assessment tasks that can be completed by students 16 years
old' and older. These tasks are spread over six assessment modules corresponding to
each cognitive process to assess (i.e., phonological processing, orthographic processing,
lexical access, processing speed, working memory, and semantic processing). In BEDA,
these assessment modules are independent modules designed to bring together the
different assessment tasks for each cognitive process, as shown in Table 5-1.

The selection of the tasks used to assess each cognitive process is based on the
research works of different expert authors in accessing dyslexia in children and adults
(Diaz, 2007; E. Garcia, 2004; C. S. Gonzalez, Estevez, Mufioz, Moreno, & Alayon, 2004b;
D. Gonzalez et al., 2010; Guzman et al., 2004; Jiménez et al., 2004; Jiménez & Ortiz, 1993;
Rojas, 2008). The administration of these tasks could detect and verify if a student has
dyslexia and identify the associated cognitive processes that may be affected. Dyslexia
detection and verification is the first essential step to intervening with and/or assisting
affected students during their learning processes to minimize the negative impact
associated with reading difficulties.

116 years old is the age at which students begin their university careers.
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Table 5-1. Assessment tasks for each cognitive process

Modules ’ Tasks

* Segmentation into syllables

* Number of syllables

+ Segmentation into phonemes

* General rhyme

* Specific thyme

¢ Phonemic location

* Omission of phonemes

* Homophone/pseudohomophone
choice

Orthographic choice

* Reading words and pseudowords

Phonological processing

Orthographic processing

Lexical access

. Visual speed of letters and numbers
Processing speed

. Retaining letters and words
Working memory &

* Reading comprehension of expository

Semantic processing and narrative texts

The following paragraphs describe the six assessment modules in BEDA and their
corresponding assessment tasks:

The phonological processing module contains seven tasks that assess mental
manipulation skill over the segments that belong to speech (phonemes, syllables
and rhymes): 1) segmentation into syllables (Johnson & Blalock, 1987) requires
segmentation into syllables of words which are delivered to the user aurally; 2)
number of syllables (Johnson & Blalock, 1987) requires counting the number of
syllables of aurally presented words; 3) segmentation into phonemes (Johnson &
Blalock, 1987) requires separating aurally presented words in phonemes; 4) general
rhyme (Johnson & Blalock, 1987) requires saying three words that rhyme with a
word aurally delivered; 5) specific rhyme (Johnson & Blalock, 1987) requires
comparing two pairs of words aurally presented and indicates whether they
rhyme or not; 6) phonemic location (Vellutino & Scanlon, 1987) requires comparing
two pairs of words aurally presented including a different sound and indicating
whether the different sound is located at the beginning, middle or the end; and 7)
omission of phonemes (Berninger, 1996) requires repeating one word presented
aurally, and then repeating the word aurally omitting a segment from it.

The orthographic processing module contains two tasks in which orthographic
knowledge of words is assessed: 1) homophone/pseudohomophone choice (R. K. Olson,
Forsberg, & Wise, 1994), which requires choosing, between two homophones
presented visually, the one that is the answer to a question presented aurally; and
1) orthographic choice (Stanovich & West, 1989), which requires choosing between
two words presented visually the one that is properly written.

The lexical access module consists of two tasks, reading words (Guzman &
Jiménez, 2001) and reading pseudowords (De Vega et al., 1990), where the user has
to read out loud, precisely and quickly, words (or pseudowords) presented
visually.
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e The processing speed module contains one task, visual speed of letters and numbers
(DeFries & Baker, 1983) that requires the user to select as quickly as possible
groups of equal numbers and letters from a set of distractor groups.

e The working memory module contains one task, retaining letters and words
(Berninger, 1996), which visually presents a pseudoword for one second and then
requires the user to write the entire pseudoword or just a part of it, according to
the instructions presented aurally.

e The semantic processing module contains two text-reading tasks (expository and
narrative texts) that assess reading comprehension. These tasks require the user to
answer a list of questions per text.

These tasks have been designed based on multimodal communication that allows
students to communicate with BEDA through different modes (visual, auditory, and
speech) according to the specific objective of each assessment task. Hence, students are
presented with different modes of interaction; some tasks ask them for instructions to
follow (inputs) and others to deliver an answer (outputs). For input information the
BEDA architecture includes: an automatic speech recognition system called Sphinx4
which converts human speech into individual words (Walker et al., 2004), the insertion of
written words and characters for specific commands by means of using the keyboard,
and the selection of options using the mouse device. As output information BEDA gives
students instructional information, support and guidance using output mechanisms such
as text on screen, graphical representation, recorded audio and synthesized voice. Figure
5-2 depicts the channel alternatives for communication between the student and the

battery.
@

x 7 ~_ 0,
\(\9\) Q’J{,(.

Student

witng |

Audio and Mouse and

Voice keyboard

' Qutput ‘ Input
BEDA

Figure 5-2. Multimodal communication input and ouput

In BEDA, the tasks are composed of different items (or exercises) that students must
perform. Every task has an associated message explaining how to do it, and each item of
a task has an associated stimulus to complete it (e.g., a word, a question, etc.). Moreover,
every item has an associated solution that is used to determine whether or not the
student has answered the stimuli correctly. In some cases, the item also has information
about the audio of the stimuli, the number of syllables or phonemes of words related to
the item, the dictionary and grammar used for the speech recognition system, and/or the
syllabic structure, depending on whether the task involves it. Additionally, in every task
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some example items provide associated feedback in case the user is right or makes a
mistake.

5.2.1.2  Analysis of results and administration modules

The analysis of results module let delivers the students’ results report after they have
completed the assessment tasks. It automatically generates an individual report for each
student with: 1) the scores obtained and the difficulty level (none, slight, moderate or
severe) presented on each assessment task, 2) the identification of cognitive processes
that are deficient and the specific difficulty level of them (none, slight, moderate or
severe) according to the results of the assessment tasks used in each one, 3) overall
cognitive performance obtained from the scores of the assessment tasks, 4) the scores
profile, 5) the diagnosis of the presence or absence of dyslexia taking into account the
criteria set (see Section 2.9.3.2), and 6) a set of recommendations for students based on
their difficulty levels of each cognitive process. Moreover, the report explains in detail
each of the cognitive processes assessed and interprets the students’ scores, and specifies
the processes that are more and less dominant for each student and the strong and weak
points presented in assessment tasks.

To determine the difficulty level that is delivered to the student in each assessment
task and cognitive process, the scores that the student obtained are automatically
compared with standardized data considering the student's educational level; i.e.,
individual results are compared with the results of a population or group to which the
student belongs. This requires the establishment of reference levels or percentiles ranges,
which will done to obtain a rating after making the relevant statistical analysis when
BEDA is administered to a representative sample of the population.

On the other hand, the administration module is designed and implemented for the
exclusive use of a subject matter expert (e.g., an educational psychologist). It allows the
creation and/or edition of different assessment tasks, the creation and/or edition of
reference levels for each assessment task, and the creation and/or edition of
recommendations for intervention and/or assistance according to difficulty level
presented in the assessment tasks.

5.2.1.3 Report’s interpretation

The interpretation of the results of a psychological test is a complex process, because in
the interpretation thereof is not taken into account only the information provided by the
test itself but generally additional information has to be taken into account. Therefore, it
is recommended that the unique results obtained by means of a standardized test should
not be accepted as a general assessment, since not all the situations where the behavior
occurs is captured (in this case the development of reading). Thereby, both this test and
any other have to be considered a supplement to the evaluation of the aspects to be
measured. In this regard, when performing the identification of cognitive deficits
evaluating the report of students’ results delivered by BEDA, special emphasis on
considering the report obtained from the ADDA and the exclusion criteria for dyslexia (i.e.,
sensory, physical, educational deficiencies or problems) must be declared besides to the
information provided by the test. This way, a proper interpretation of the results
obtained in the test can be performed.
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On the other hand, one of the most important causes of inappropriate use of the tests
is that students do not receive adequate guiding in this test. For this reason, it can be
stated that it is essential for the student to understand the theoretical basis of BEDA
(included in the theoretical justification and user manual of BEDA (Diaz, Mejia, Jiménez,
& Fabregat, 2012). Similarly, another issue that may adversely affect the interpretation of
the results is when a student is not adequately informed of the self-administration of the
test, so the results probably get contaminated by the way in which the students self-
administer rather than their own performance. For this reason, it is considered crucial
that the student read the user manual carefully before complete BEDA.

In addition, interpretation of an assessment battery such as BEDA, in which a report
of students’ results can be produced automatically, differs from those provided to be
filled by handwriting in which an examiner has to: conduct the test, evaluate it, calculate
scores, look at the scales the obtained score and perform interpretation of the results. The
difference is that in this test the student can perform a self-assessment of their cognitive
processes at any time. Accordingly, one benefit of BEDA is that the student can self-
assess the cognitive processes and receive the results immediately.

Student's results report is automatically recorded as well as the interpretation of the
obtained scores by BEDA. Only with exception of those tasks which answers need of the
speech-recognition mechanism since they require to be reviewed by an expert. This
means that the prototype of the voice recognition system implemented in BEDA requires
further research and development work. However, while this information is provided in
an automated way, it is believed that in order to make a proper interpretation of the
reports, the students must know how to analyze the report. It is therefore essential that
the student knows what it means and involves reading, and the importance of certain
cognitive processes involved in reading compared to other processes, that besides from
being facilitators they are not essential for reading to be developed.

Moreover, for the correct interpretation of the report it is important to consider the
fluency, a variable that is essential to the proper development of reading (it is collected
from measuring response time and execution time of some tasks). Thus, the time
(response and execution) should be taken into account for proper interpretation, and
therefore as a measure of fluidity or automating processes involved in reading.

In BEDA, the report is generated from the module of analysis of results once the
student completed all tasks. In this report percentiles of the obtained scores are
presented, processes are analyzed independently and a joint assessment of the results is
made. Besides, feedback to the student is provided in this report. This feedback follows
suggested guidelines of the criteria for diagnosing dyslexia proposed by Jiménez and
Artiles (2007) and Siegel (1999) (see Section 2.9.3.2). Thereby, if a student obtains a score
below the 25th percentile in a task, he/she presents a level of difficulty in such task. In
case of reading comprehension tasks, he/she could present a level of difficulty with a
percentile below 50. Additionally, a time of reading words or pseudowords above the
percentile 75 could be considered as a level of difficulty.

In Table 5-2, an illustrative example that summarizes a report of one student
produced by BEDA. Further details on how direct and scale scores as well as the
percentiles are obtained in BEDA are presented in Section 5.2.4.
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Table 5-2. Example of converting direct scores to percentiles

Cognitive process ‘ ’ Direct score ‘ Scale score ‘ Percentile

Phonological processing| 1.Segmentation into syllables 6 6 32
2 Number of syllables 4 1
3.Segmentation into phonemes 8 8
4.General rhyme 4 4
5.Specific rhyme 16 6
6.Phonemic location 5 1
7.0mission of phonemes 8 6
Total 51 32

Orthographic 8.Homophone/pseudohomophone choice 11 8 59

processing 9.0rthographic choice 13

Total 24 15

Lexical access 10.Reading words (successes) 31 11 73
Reading words (execution time) 1.614,3 -
11.Reading pseudowords (successes) 42 7
Reading pseudowords (execution time) 1.586,75 -
Total (successes) 73 18
Total (execution time) 1.604,15 -

Processing speed 12.Visual speed of letters and numbers 19 5 36
Total 19 5

Working memory 13.Retaining letters and words 5 6 46
Total 5 6

Semantic processing 14.Reading narrative text 4 5 36
15.Reading expository texts 5 5
Total 9 10

In Figure 5-3, the scores profile of the exemplified student in Table 5-2 is presented.
The x axis represents the assessed cognitive processes while the y axis represents the
percentile achieved in each cognitive process.
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processing processing speed memory processing

Figure 5-3. Example of the scores profile of the BEDA report

5.2.2 Implementation

As detectLD (see Section 4.3.1), BEDA was implemented with standard technology and
considering characteristics of reusability, interoperability, accessibility, and extensibility
to make it easy to integrate with a LMS. Moreover, BEDA was implemented using free
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and open source software such as Linux Operating System (specifically Ubuntu 9.04, with
kernel version 2.6.28), Apache Web Server (version 2.0), Postgres (version 8.3.9), and PHP
(version 5.2.6), due to their great popularity on different servers, their high performance,
and their easy setup, configuration and acquisition. In terms of security, user
authentication is based on the widely used reduction algorithm MD5, and permission
levels are set by the developer according to the module the user wishes to enter. BEDA
was also implemented using standard programming technologies that provide
interoperability with other web-based tools such as interface based on XHTML and CSS,
interactivity based on PHP and JavaScript, Java and Java Speech Library to implement
functionalities related to the speech recognition system (sphinx4), and AJAX for
asynchronous communication with the server via XML.

During the BEDA implementation the different modules were tested separately. These
tests revealed the need for changes in the graphical user interface design and in the
programming and structure of the task to achieve better tool performance. The types of
tests used were: connection to the database and proper storage of data, requirements,
inspection programming and functional testing of the different modules. For the real-
time tests (performance and usability) it was followed the guidelines proposed in (Sauro
& Kindlund, 2005), and designed a case study with groups of students from the
University of Girona and the University of La Laguna, as well as some volunteer teachers
from University of Girona. More than 5 students were asked to carry out this case study,
because according to Nielsen (2000), Spool and Schroeder (2001), and Virzi (1992), the
functionality and usability tests with at least 5 students provide the most information
about the problems presented by the tools. The case study is presented in the next
section.

In terms of graphical user interfaces, BEDA was built with Moodle style patterms so
that later it could be integrated with this LMS. BEDA delivers different interfaces for each
type of user (student, teacher or expert) depending on the permissions and activities that
can be developed. Figure 5-4 shows the graphical interface of menu cognitive processes
that are assessed in the students. This interface shows the assessment modules (see a in
Figure 5-4), the full name of the student in session (see b in Figure 5-4), and the buttons to
perform other actions like seeing the results report and log out (see c in Figure 5-4).
Figure 5-5 shows the graphical interface of an example item of the “phonemic location”
task. This interface shows the title of the task (see a in Figure 5-5) the "example" label in
red indicating that is an example item (see b in Figure 5-5), and the buttons to respond to
the item (see c in Figure 5-5). Figure 5-6 shows the graphical interface of an assessment
item of the “number of syllables” task to assess phonological processing. This interface
shows the title of the task (see a in Figure 5-6) and the buttons to respond to the item (see
b in Figure 5-6).
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Figure 5-4. BEDA interface: Menu of assessment modules
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Figure 5-5. BEDA interface: Example item of phonemic location task
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Figure 5-6. BEDA interface: Assessment item of number of syllables task

5.2.3 Case study: functionality and usability

The aim of this case study was to evaluate the functionality and the usability of BEDA,
to check the comprehensibility of BEDA’s items (i.e., how easy it is to read or hear the
different items by the students), and to calculate the average time and sessions that the
students require to complete it without feel them tired.

5.2.3.1 Method

Nineteen students, all from the University of Girona (Spain) and the University of La
Laguna (Spain) participated in this case study: 9 men and 10 women with ages ranging
from 18 years to 62 years (M=27.47, SD=9.125) and from different academic programs and
levels (undergraduate and graduate). Whether or not the student had dyslexia was not
taken into account. Five volunteer teachers, all from the University of Girona also
participated in this case study. Teachers were from humanities and engineering
programs with pedagogical experience between 2 and 21 years.

Two examiners (university teachers) conducted the case study. The first examiner was
responsible for applying BEDA in University of Girona, while the second examiner was
in charge apply it in University of La Laguna. BEDA was administered in individual
sessions according to the time available for each student. During the case study, student
was accompanied by an examiner experienced in managing BEDA and responsible for
taking note of possible questions and problems of the student while he/she is using the
software tool and completing the different tasks. When student have completed all tasks,
the examiner asked him/her to fill an online survey and intended to evaluate the
functionality and usability of BEDA and whether or not he/she understood the items.

In this online survey the students answered questions about how well they
understood each of the task instructions, the number of sessions they needed to complete
all the tasks, if they performed the tasks in more than one attempt, and if they used some
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strategies or additional tools to complete the tasks. Moreover, in order to know how
many were satisfied, students answered a series of questions where they had to choose
the most appropriate response on a scale of 1 to 5 based on their perception of the
question. Finally, at the end of the survey a space was left where the students could write
additional comments if they wished.

For teachers, the study is based on interviews, during which they complete all tasks
and exposed their comments in order to evaluate the functionality and usability of BEDA.

The case study was conducted in a computer lab using a Windows desktop computer
equipped with a screen, a keyboard, a mouse, headphones, microphone, and Internet
connection. Other software requirements were installing Java and an appropriate version
of the Firefox, Internet Explorer, Google Chrome, and Opera web browsers.

5.2.3.2 Results

As show in Table 5-3, the results show that the satisfaction of students is quite high in
terms of the usability of BEDA and the comprehensibility of the assessment tasks.
Basically, students had difficulty understanding the audio instructions of some tasks and
items, complying with BEDA’s functional requirements (e.g., using an appropriate
version of the browser, installing java when required, or setting the microphone), and
repeating items that involve speech recognition, because students reported difficulties
when receiving the feedback of some tasks that involve recording. Other findings were
that students reported they needed an average of two sessions to complete the tasks
without feeling tired, some students said they performed the tasks in only one attempt,
and only two students reported using paper and pencil as a strategy to solve some of the
tasks. Finally, the average time it took the students to complete the entire battery was
between 40 and 50 minutes.

Table 5-3. Results of the case study survey filled in by students

Evaluation questions gm Satisfaction (%)

Was it easy for you to complete the tasks? 3.89 0.875 |77.895
Were the instructions to perform the tasks clear? 3.74 1.046 [74.737
Do you think it took a short time to complete the tasks? 2.74 0.933  |74.737
Is the overall appearance of the elements of the battery (images, 3.89 1.100 |77.895
background colors, etc.) suitable?

How satisfied are you to complete the BEDA tasks using a web browser? [3.47 0.841 [69.474
Was it easy to navigate through and locate the tasks in BEDA’s graphical 4.47 0.697 [89.474
user interface?

Did BEDA adequately respond to your navigation pace? 3.84 1.119 |76.842
In general, was BEDA intuitive (i.e., did it not require much effort and timel4.26 0.991 [85.263
to learn to handle it)?

Would you recommend this battery to other people or peers? 4.21 0.787 |84.211

On the other hand, five teachers completed the BEDA tasks. Despite previously
indicating that they had limited awareness of dyslexic students in their courses, after
completing BEDA they said it was user friendly and intuitive and they expressed interest
in knowing how they could use it in their classrooms. Moreover, teachers expressed
curiosity about the student results and in knowing which teaching strategies could be
used with affected students.
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5.2.3.3 Discussion

According to the results obtained in the case study, BEDA was subsequently reviewed
and restructured: audio instructions were again recorded in an appropriate setting, some
items were modified by psychologists, help guides were incorporated, an automated
functional requirement validation at the beginning of BEDA execution was introduced,
and a module to verify the accuracy of the tasks using voice recognition was developed,
since the acoustic model of the speech recognition software needs more training to
improve the accuracy of voice recognition for all students. Considering that the results
obtained were positive and the revision and restructuring process improved BEDA, it is
believed BEDA is prepared to be used on a sample of university students with and
without reading disabilities in order to analyze its discriminate validity, and
subsequently recover the scales of each assessment task to identify whether or not the
student has a cognitive deficit and to confirm the dyslexia diagnosis. It was also believed
that using BEDA in a learning-teaching environment can be useful in terms of enabling
students to know about their deficient cognitive processes and to know about strategies
or recommendations they could follow to address these deficits. Furthermore, teachers
may become aware of these disabilities and provide more appropriate learning resources
for students who are affected.

5.2.4 Case study: analysis and debug of items

Since it has been empirically demonstrated that some cognitive processes may be present
as deficits in adults with dyslexia (Bruck, 1993b; Decker, 1989; Felton et al., 1990;
Lachmann & Van Leeuwen, 2008) BEDA assesses the cognitive processes and let identify
specific cognitive deficits in university students. Thus, when students complete BEDA’s
tasks, their cognitive process performances are stored to identify whether or not a deficit
is present, and therefore appropriate assistance can be prepared.

In BEDA, student’s cognitive processes are assessed by different tasks presented
through web-based software. The responses to these tasks (responses of successes, errors
and execution time for some tasks in which performance time is measured) have to be
automatically compared with standardized data considering the student's educational
level, i.e., individual results have to be compared with the results of a group of the
population (sample) to which the student belongs. This requires the establishment of a
reference level, which is done to obtain a rating after making the relevant statistical
analysis when BEDA is administered to a representative sample of the population.

Thus, first in this study, a descriptive analysis of the overall distribution of the sample
results in BEDA was performed, of which measures of central tendency, variability,
skewness and kurtosis could be obtained. This is a quick way to recognize the behavior of
the frequency of the data and the dispersion between them, and to have benchmarks to
interpret the results obtained by applying each of the tasks. Secondly, score scales of
BEDA'’s tasks were obtained, with which a priori check of the student’s performance level
in different cognitive processes assessed can be done. However, it is worth noting that
these scales are not definitive, thus, BEDA’s tasks must go through different feasibility
and reliability statistical analyzes. In this study the scales are used to provide a
preliminary feedback and recommendations to students. Third, BEDA’s item were
analyzed by means of a set of statistical analysis (difficulty, discrimination and
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correlation), which constitute the Analysis of Items. Finally, the study involved the
debugging of items. Thus, items that can be removed and those which will be part of the
tasks of BEDA can be identified.

5.2.41  Study Description

As discussed in Section 2.8, deficits in cognitive processes related to reading are
presented in both children and adults. Moreover, research in dyslexia has focused
primarily on children, leaving out research in adults with these disabilities. In this sense,
and probably caused by the lower number of conducted investigations, there are not
tools to assess the adult population with these disabilities. Therefore, in this dissertation a
conducted study aims to evaluate the proposed assessment battery, namely BEDA.

Thus, the study carries out an establishment of the metric properties of each task so as
BEDA serves as a tool for assessment of cognitive processes in Spanish-speaking adults.
To do so, analysis on the distribution of the sample is performed, score scales for tasks
are obtained, and analysis and debugging of items of BEDA are performed.

5.2.4.2 Method

5.2.4.2.1 Participants

Although 118 students (60 male and 58 female) of the University of Girona participated in
this study, only 106 students (57 male and 49 female) from 22 programs with ages
ranging from 19 to 50 years (M=26.76, SD=7.01) were considered. Thus, 12 students were
discarded as follows: 5 of them reported having a previous diagnosis of dyslexia (i.e.,
they had been formally diagnosed with dyslexia during their primary or secondary
schooling, through an official psychoassessment procedure) and these type of analysis
require normal population; and 7 students did not complete all tasks, consequently they
were removed of the sample. In addition, it is worth noting that students who reported
having sensory, neurological, or other disorders were excluded from the sample of
participants.

Students were recruited by the coordinators of the faculties and/or schools through e-
mails, website and classroom announcements. Students took part in an individual session
that lasted an average of 60 minutes. Frequencies and percentages by Faculty, Academic
Program, and gender are shown in Table 5-4.

Table 5-4. Frequencies and percentages of participation by faculty, academic program,
and gender in the BEDA’s case study

Faculties and/or Schools Academic program ‘ Frequency Gender % ‘
M F

Polytechnic School Electrical Engineering 1 1 0 0,9
Industrial Electronics and Automatic 1 1 0 0,9
Control Engineering
Computer Engineering 16 12 4 15,1
Building Engineering 3 2 1 2,8
Chemical Engineering 1 0 0,9
Master 9 7 2 8,5
Doctorate 12 11 1 11,3
Total 44 35 9 39,6
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Faculties and/or Schools Academic program ‘ Frequency Gender % ‘
L\’ F
Faculty of Tourism Adpvertising and Public Relations 1 0 1 0,9
Total 1 0 1 0,9
School of Nursing Master 6 0 6 57
Total 6 0 6 5,4
Faculty of Business and Business Administration and 3 1 2 2,8
Economic Sciences Management
Accounting and Finance 2 1 2,8
Economics 1 1 1,9
Master 2 1 1 1,9
Total 10 5 5 9,0
Faculty of Law Political Science and Public 2 1 1 1,9
Administration
Law 9 3 6 8,5
Total 11 4 7 9,9
Faculty of Education and | Pedagogy 5 1 4 4,7
Psychology Pre-School Education 1 0 1 0,9
Primary School Education 7 3 4 6,6
Psychology 8 3 5 7,5
Social Education 5 2 3 4,7
Social Work 5 2 3 4,7
Master 4 2 2 3,8
Total 39 13 26 35,1
Total 106 57 49 100.0

5.2.4.2.2 Instruments: BEDA

BEDA was the main and only instrument used in this case study. As mentioned before,
BEDA consists of fifteen tasks, namely: segmentation into syllables, number of syllables,
segmentation into phonemes, general rhyme, specific rhyme, phonemic location,
omission of phonemes, homophone/pseudohomophone choice, orthographic choice,
reading words and pseudowords, visual speed of letters and numbers, retaining letters
and words, and reading comprehension of expository and narrative texts. These tasks
help measuring the cognitive processes and they have been incorporated into the
framework’s software toolkit (see Section 3.2), meaning that it can be completed through
a computer. Student responses to each item of a task are automatically stored in a
database when the key is pressed, the option is clicked, the word(s) is(are) wirtten, or the
word(s) is(are) spoken by the student. The value of a response is: 1 (one) if the answer
was correct or 0 (zero) if it was a mistake. Additionally, the responses in text, the
recorded response, the execution time of each item and, in some cases, student reaction
time to a stimulus are stored.

Every task has example items and assessment items. The assessment items are those
that measure the student performance on the task, while the example items guide and
help students to train so as they can complete the assessment items. The example items
provide associated feedback in case the student answers right or make a mistake. If the
student said he/she had not understood the item description, the examiner could explain
him/her with details how to complete the item. Next paragraphs describe the tasks that
compose BEDA (Items of each tasks is shown in Appendix D):
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Segmentation into syllables. The objective of this task is to assess the student's
ability to break words into syllables. The task requires students to spread word
families (of 3, 4, 5 and 6 syllables) that are presented aurally. It starts with two
items of example, followed by twelve items of assessment. For example, the
student listen to a word (e.g., /horrible/) and he/she has to separate it orally into
syllables and at the same time press the spacebar for every syllable he/she utters.
Number of syllables. The student must say the number of syllables in a word
(aurally presented). The task begins with two items of example, followed by
twelve items of assessment. In this case the student hears a word (e.g., /carpeta/)
and then, the numbers from 1 to 6, are displayed on the computer screen. Thus,
the student must check with the mouse the number corresponding to the
syllables of the word he/she had heard.

Segmentation into phonemes. In this case the student has to count phonemes
(from 3 to 7) of a familiar word that is presented aurally, and touch the space bar
for each phoneme that he/she identifies. This task has three example items and
twelve assessment items. For example, the student listens to a word (e.g., /bar/)
and he/she has to utter loud the sounds while pressing the space bar for each
sound.

General rhyme. In this task the student listens to a word and then he/she should
say three words that rhyme with it. The example items illustrate the concept of
rhyme and not rhyme. For example, two words that rhyme with "sal" and "mal"
are aurally presented to the student and it is explained that in both vowel and
consonant words match, therefore, those are rhyming words. Then, two words
that share sounds but that do not rhyme (e.g. "par" and "pan") are presented.
Afterwards, assessment items are presented.

Specific rhyme. In this task the student listen to a word first and then, five
words are presented are one by one and aurally presented so that he/she can
indicate if they rhyme or not with the first one. For example, the stimulus word
“/dos/” and the list of the five words would consist of the following: “par”,
“los”, “vez”, “tos”, “bis”. On the computer screen two buttons are presented:
one with the word "yes" and other with "no". Whenever he/she listen to a word
from the list, the student must click over the button that he/she thinks
corresponds to the answer. Four lists of words are presented.

Phonemic location. In this task, two words are presented aurally (3 to 6
phonemes) that share all sounds except one. On the computer screen are
displayed three buttons: “beggining”, “middle” and “end”. The student must
say whether the different sound is at the beginning of the word, in the middle or
at the end by clicking on the appropriate button. An example of this task is /cal/
and /col/, the student must click the button 'medium’ as the sound is different in
the middle.

Omission of phonemes. In this task the student listen to a pseudoword
(containing one to four syllables) and he/she should repeat it. Then the student
is asked to repeat but omitting a segment of it, then he/she must say the word
again but without saying the segment that has been asked not to say. The parts
that can be omitted are syllables intrasyllabic units (i.e., onset-rhyme), vowel
phonemes and/or consonant phonemes in initial, medial and/or end position. An
instruction example of this task is: Say “Tarin”, now say it but without the /a/.
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10.

11.

12.

13.

14.

15.

Homophone/pseudohomophone choice. In this tarea are presented in the
computer screen pairs of words that sound the same but are spelled differently,
but only one of them is spelled correctly. That is, in each pair there is a word and
a pseudohomophone (pseudoword homophone to the word). The student has to
identify the word that is spelled correctly by clicking over the button below the
word. For example, it is presented in the computer screen “aveja” and “abeja”,
so the student should click on the button below “abeja” which is spelled
correctly.

Orthographic choice. In this task are shown two homophones words and then is
aurally asked questions about the meaning of one of them. The student must
click the button below the word that he/she believes the meaning corresponds
to. An example, the words "vaca" and "baca" are showed and then is asked:
Which is an animal?

Reading words. In this task are presented in the computer screen words so that
the student read them aloud as quickly as possible. This task consists of words
that include six types of syllables that can be sorted in one of the following
order: CV, VC, CVC, CVV, CVCC, CVV(? and their familiarity and their word
length must be considered. An example of the task would be: “Bola” (CV,
familiar and 2 syllables).

Reading pseudowords. In this task pseudowords (made up words) are
presented in the computer screen, so that the student read them aloud as quickly
as possible. This task consists of words that include six types of syllables that
can be sorted in one of the following order: CV, VC, CVC, CVV, CVCC, CVVC,
and their word length. An example of the task would be: “Tonte” (CVC and 2
syllables).

Visual speed of letters and numbers. In this task are presented in the computer
screen groups of mixed letters and numbers, and next four very similar groups.
However, only one of the groups is the same as the first group. What the student
should do is to pick as fast as possible, the group is equal to the first one. An
example of the task would be: zxc6: zxc6 zxc9 zcx6 z6cx.

Retaining letters and words. In this task is shown, for one second, a
pseudoword on the computer screen, and then asked the student to write the
whole pseudoword or a part of it. In the latter case it may be one or more letters
of the pseudoword. The pseudowords vary in length and syllabic structure. For
example, the word "Blin" is presented and once a second just passed, the word
disappears from the screen and it is asked the student to enter the second and
third letter of the word.

Reading narrative text. In this task, it is presented in the computer screen
narrative text that the student must read. Upon ending to read, an instruction is
presented so that the student must answer a set of questions regarding the text
he/she just read.

Reading expository text. In this task, it is presented in the computer screen
expository text that the student must read. Upon ending to read, an instruction
is presented so that the student must answer a set of questions regarding the text
he/she just read.

2 C =Consonant, V = Vowel. Example, CVC = Consonant + Vowel + Consonant.
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5.2.4.2.3 Procedure

Two examiners (university teachers) received four training sessions about using and
instructing the students how to complete the tasks of BEDA. Meanwhile, coordinators
from different faculties and/or schools of university were contacted to authorize and
schedule the BEDA application in the respective faculties and/or schools. Thus, BEDA
was conducted in a classroom assigned for such purpose in the participant faculty and/or
school.

BEDA was evaluated in individual sessions according to the time available of each
participant. Thus, the examiners had to move to different faculties and/or schools where
the classrooms assigned were available. These classrooms were isolated from noises and
interruptions (this was mandatory since tasks in BEDA use multimodal mechanisms).
During the case study, participant was accompanied by an examiner while he/she
completed the different tasks. The total time needed to complete BEDA was 60 minutes.

Previously, participants were asked if they have had problems with hearing, vision,
motors, or other serious disorders in order to exclude them from the sample.

5.2.4.3 Results

The descriptive analysis of the overall distribution of the sample results in BEDA will
reveal measures of central tendency, variability, skewness and kurtosis. For obtaining the
score scales, it is used the maximum and minimum values, and it defines a number of
intervals. For analysis of the items, it identifies three types of indexes: difficulty,

discrimination, and correlation. Index of discrimination and difficulty provide information
on the "goodness" or "badness" of each item, while the correlation gives the relationship
of each item with the total of the task which it is part.

5.2.4.3.1 Sample distribution

Table 5-5 shows the results of the measure of central tendency and variability before
analysis and debugging of the items in BEDA (see Section 5.2.4.3.3). The mean of the
proportion of correct answers report that participants respond adequately more than half
of the items of each task, since all mean are greater than 0,50. Moreover, it is noted that
the population has a bias to the right, which breaks the equality of mean, median and
mode. Consequently, this confirmed the negative skewness of the distribution since for
every task the mean is lower than median, and median lower than mode. Additionally,
the skewness indexes, being negatives indicate that the percentage of participants’ high
scores is greater than the percentage of low scores.

Table 5-5. Measures of central tendency and variability of BEDA's tasks

’ Mean ’Median| Mode |Maximum‘MinimumlRangelVariance‘Std. dev.‘Skewness Kurtosis

1.Segmentation into
syllables 0,77 | 092 | 092 1,00 0,00 1,00 0,16 0,39 -1,60 1,73
2.Number of syllables| 0,78 | 0,88 | 0,83 1,00 0,00 1,00 0,15 0,38 -1,67 1,86
3.Segmentation into

honemes 0,82 | 1,00 | 1,00 1,00 0,00 1,00 0,14 0,37 -2,03 3,36
4 General rhyme 0,72 | 1,00 | 1,00 1,00 0,00 1,00 0,19 0,43 -1,10 -0,48
5.Specific thyme 0,97 | 1,00 | 1,00 1,00 0,14 0,86 0,03 0,16 -5,15 35,73
6.Phonemic location | 0,88 | 0,93 0,93 1,00 0,00 1,00 0,07 0,24 -4,34 24,78
7.0Omission of 0,78 | 094 | 094 1,00 0,00 1,00 0,15 0,37 -1,89 3,53
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‘ Mean ’Median| Mode |Maximum MinimumlRangelVariance‘Std. dev.‘Skewness|Kurtosis‘

phonemes
8.Homophone/pseud
ohomophone choice | 0,88 0,92 0,92 1,00 0,00 1,00 0,07 0,25 -4,35 28,26
9.0Orthographic choice| 0,84 | 091 0,88 1,00 0,18 0,82 0,10 0,28 2,11 7,01
10.Reading words 0,98 1,00 1,00 1,00 0,25 0,75 0,02 0,11 -5,51 43,47
11.Reading

seudowords 096 | 1,00 1,00 1,00 0,00 1,00 0,04 0,18 -6,04 41,57
12.Visual speed of
letters and numbers 095 | 1,00 1,00 1,00 0,00 1,00 0,05 0,21 -4,95 26,72
13.Retaining letters
and words 093 | 1,00 1,00 1,00 0,00 1,00 0,07 0,24 -4,12 19,31
14.Reading narrative
text 0,67 | 0,80 0,80 1,00 0,00 1,00 0,19 043 -1,12 1,02
15.Reading
expository text 0,63 | 0,70 0,70 1,00 0,00 1,00 0,21 0,46 -0,62 -1,11

Regarding the results of variability, very low variances for tasks 5, 6, 8, 9, 10, 11, 14
and 15 are observed, indicating that these tasks presented little dispersion in the correct
answers given by students. While in the other tasks, the number of correct answers can
vary between a very low level, such as 0, and all items of the task.

With regard to the kurtosis, it is observed that the participants are distributed so that
the values are more concentrated around the mean, i.e. there is a high degree of
concentration around the central values. It happens when the values are higher than 0.
This is a leptokurtic distribution, which has higher peaks around the mean compared to
normal distributions, which leads to thick tails on both sides.

5.2.4.3.2 Obtaining the scales

In order to provide a preliminary version of the students” results report (see Section
5.2.1.2), as well as feedback and recommendations, the scales for the BEDA's tasks are
obtained. However, these scales are not definitive. BEDA's tasks must go through
different statistical analysis of viability and reliability.

First differences in gender were reviewed. Table 5-6 presents the mean and standard
deviation of scores on each task obtained by men, women and the total sample. It is
observed that although execution of men was higher than women in Number of syllables,
Specific rhyme, Phonemic location, Orthographic choice, Reading words and Reading
pseudowords, and the execution of women was better than men in the other nine tasks,
these differences were not significant and therefore this led to not develop scales by sex,
but only for the total sample. Here, it is noted that the maximum possible scores for task
is as follows: Segmentation into syllables, Number of syllables, Segmentation into phonemes,
and General rhyme is 12 points, Specific rhyme 18 points, Phonemic location is 15 points,
Omission of phonemes is 16 points, Homophone/pseudohomophone choice is 13 points,
Orthographic choice is 18 points, Reading words is 32 points, Reading pseudowords is 48
points, Visual speed of letters and numbers is 35, Retaining letters and words is 18 points, and
Reading narrative text and Reading expository text is 10 points, which makes a total of 281
possible points.
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Table 5-6. Mean and standard deviation of the scores obtained by men, women and the

total sample

Total sample

Std. dev. Std. dev. Std. dev.

1.Segmentation into syllables 8.98 2.43 9.48 1.86 9.21 2.19
2.Number of syllables 9.36 2.04 9.28 2.06 9.33 2.04
3.Segmentation into phonemes 9.47 1.97 10.26 221 9.83 211
4.General rhyme 9.75 2.64 10.02 2.40 9.87 2.52
5.Specific thyme 17.24 1.18 17.18 1.31 17.21 1.24
6.Phonemic location 13.10 1.26 1291 1.53 13.01 1.39
7.Omission of phonemes 12.08 2.74 12.89 2.78 12.46 2.77
8. Homophone/pseudohomophone 11.31 1.05 11.44 1.00 11.37 1.02
choice

9.0rthographic choice 13.80 1.78 13.79 1.98 13.80 1.87
10.Reading words 31.49 1.11 31.36 1.16 31.46 1.13
11.Reading pseudowords 46.12 2.45 46.08 2.83 46.10 2.62
12.Visual speed of letters and 32.68 4.66 33.89 1.82 33.24 3.67
numbers

13.Retaining letters and words 16.66 1.83 16.71 2.10 16.68 1.95
14.Reading narrative text 6.68 2.30 6.77 1.79 6.72 2.07
15.Reading expository text 6.01 1.98 6.44 1.75 6.26 1.88

Table 5-7, Table 5-8, and Table 5-9 presents scalar scores obtained for each of the 15
tasks in BEDA. These tables provide a column for each task with different direct scoring
intervals or successes. On the right of the table is the column with the scalar scores
ranging from 1 to 12. To obtain these scales is used: the maximum and minimum value of
successes achieved by the participants, the range between these values and a number of
intervals equal to 12.

Table 5-7. Scale score of phonological processing tasks from BEDA

Phonological processing module

Segmentation| Number of | Segmentation | General Specific Phonemic |Omission of
into syllables | syllables |into phonemes| rhyme rhyme location | phonemes

1 0-1 0-4 0-2 0-1 0-14 0-8 0-1

2 2 5 3 2 - 9 2-3

3 3 6 4 3 - - 4

4 4 - 5 4 15 10 5

5 5 7 6 5 - 11 6-7

6 6 8 - 6 - - 8

7 7 - 7 7 16 12 9

8 8 9 8 8 - - 10-11

9 9 10 9 9 - 13 12

10 10 - 10 10 17 - 13

11 11 11 11 11 - 14 14-15

12 12 12 12 12 18 15 16
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Table 5-8. Scale score of orthographical processing and lexical access tasks from BEDA

Orthographic processing module Lexical access module
Homophone/ Orthographic Reading Reading
pseudohomophone choice words pseudowords
choice

1 0-8 0-9 0-25 0-35

2 - - 26 36

3 9 10 - 37-38

4 - 11 27 39

5 10 12 28 40

6 - - - 41

7 - 13 29 42

8 11 14 - 43

9 - 15 30 44-45

10 12 - - 46

11 - 16 31 47

12 13 17-18 32 48

Table 5-9. Scale score of processing speed, working memory and semantic processing

tasks from BEDA

Scale Visual speed of Retaining letters | Reading narrative Reading
score letters and numbers and words text expository text

1 0-11 0-7 0-1 0-2

2 12-13 8 2 -

3 14-16 9 - 3

4 17-18 10 3 4

5 19-20 11 4 5

6 21-22 12 5 -

7 23-24 13 6 6

8 25-26 14 7 7

9 27-29 15 - 8

10 30-31 16 8 -

11 32-33 17 9 9

12 34-35 18 10 10

The operation of the above tables is as follows: a direct score of 11 successes for the
task "phonemic location" corresponds to the scale score 5, while the same direct score for
the task "orthographic choice" corresponds to the scale score 4. Do not confuse or try to
compare the range of scores between tests, since each test has a different number of
items.

Table 5-10 presents the percentages for each cognitive process. In the case of processes
containing more than one task, the scale scores were totaled. So the maximum scale score
for phonological processing is 84 since it has related 7 tasks, while for lexical access is 24 for
having 2 tasks.
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Table 5-10. Percentile of cognitive processes from BEDA

Percentiles| Phonological |Orthographic Lexical Processing | Working Semantic
processing | al processing access speed memory processing
1 0-8 0-2 0-2 0-1 0-1 0-2
3 9 - - - - -
5 11 3 3 - - 3
8 13 - - - - -
9 14 4 4 2 2 4
12 16 - - - - -
14 18 5 5 - - 5
18 21 6 6 3 3 6
23 25 7 7 - - 7
25 26 - - - - -
27 28 8 8 4 4 8
29 29 - - - - -
32 32 9 9 - - 9
34 33 - - - - -
36 35 10 10 5 5 10
39 37 - - - - -
41 39 11 11 - - 11
46 42 12 12 6 6 12
50 46 13 13 - - 13
53 48 - - - - -
55 49 14 14 7 7 14
57 51 - - - - -
59 52 15 15 - - 15
62 55 - - - - -
64 56 16 16 8 8 16
68 59 17 17 - - 17
73 63 18 18 9 9 18
75 65 - - - - -
77 66 19 19 - - 19
80 69 - - - - -
82 70 20 20 10 10 20
84 72 - - - - -
86 73 21 21 - - 21
88 75 - - - - -
91 77 22 22 11 11 22
95 80 23 23 - - 23
97 82 - - - - -
100 84 24 24 12 12 24

The table above highlights the allowable lower limit of percentiles, which is the 25th
percentile. For example, it is observed that for phonological processing, the participant with
a sum of scale score of 26 obtain the 25th percentile, whereas for orthographic processing,
the participant with a sum of scale score of 8 obtained the 25th percentile. That is, with 26
of 84 on the total scale score of phonological processing is considered acceptable, whereas
with 8 of 24 in orthographic processing is considered acceptable.

133



Chapter 5

5.2.4.3.3 Analysis and debugging of the items

At this point, the items that make up each of the tasks are analyzed in order to select
those that are likely to be deleted. To this, individual behavior of items was analyzed,
counting the number of successes and errors (i.e., frequencies of correct and wrong
responses), detecting the number of missing values for each item (i.e., frequencies of
responses that were not stored). Then, indices of difficulty (p and p*100 respectively) can
be calculated, establishing the level of difficulty of each item on a scale of: easy (p> 0.75),
medium (p between 0.75 and 0.25) or difficult (p <0.25). The indices of discrimination (D)
were also calculated, as well as levels of discrimination were established on a scale of:
high (D> 0.40), medium (D between 0.39 and 0.30), low (D between 0.29 and 0.16), very
low (D between 0.15 and 0.0) or discard (D <= 0.0). Finally, the correlations (R) between
the responses to the item and the total score on the task were also calculated. Below, a
summary of the statistical measures used for the analysis of items of BEDA is presented:

e Difficulty Index (p): refers to the degree of difficulty or ease of an item. This index
reports the items that have an extreme difficulty or ease, which should be revised
or eliminated because they do not contribute to the task. Fundamentally, this
index indicates that the difficulty of an item is the proportion of participants
responding correctly to item (i.e., successes) with respect to those who have tried
to solve (i.e., successes plus errors).

p = Successes / (Sucesses + Errors)

This index ranges from a minimum value of p = 0, which implies a difficult item
(i.e., an item that any subject has responded correctly), and a maximum value of p
=1, an easy item (i.e., which has been answered correctly by all participants). The
items with extreme values (p = 1 and p = 0) are discarded because they do not
contribute to measure differences between participants, since all participants
respond the same way: correctly or incorrectly. In subsequent analyzes, the p
value of each item is multiplied by 100 (i.e., p * 100) to ease the interpretation. For
instance, an item with a value p = 0.67, meaning that 67% participants in the
sample have answered correctly.

According to Garcia (2004) and Diaz (2007), to interpret the results, the average
level of difficulty of an item should range between 25% and 75% of correct
answers, in which p values are distributed as follows: one item with p > 0.75 is
considered easy, an item with p between 0.75 and 0.25 is considered medium
difficulty and an item with p <0.25 is considered difficult.

e Discrimination Index (D): refers to the degree in which each of the items of a task
discriminate between participants with a high level in the task and participants
with a low level in the task. To calculate this index, according to Kelley (1939),
participants have to sort based on overall task score and divide them into two
groups: uppert (formed by 27% of participants with the highest scores) and lower
(formed by 27% of participants with the lowest scores). Thus, the difference
between the proportion of participants with high scores that respond correctly to
item and the proportion of participants with low scores that also respond
correctly to item expresses the discrimination index of an item.
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D= pupper — Piower

Where,

Pupper = SUCCESSES ypper / (SUCESSES ypper + EFTOrS pper), and

Piower = SUCCESSES/ouer / (SUCESSESjower + ENTOrSioyer).

According to Garcia (2004) and Diaz (2007), to interpret the results, an item with D
> (0.40 presents a great discriminative power, with D between 0.39 and 0.30 the
item discrimination is acceptable, with D between 0.29 and 0.16 the item can be
little discriminated and needs a review, with D between 0.15 and 0.0 the item is
not appropriate and should be modified or removed from the task, with D <= 0.0
the item must be removed directly.

Correlation (R): Refers to discrimination index based on the item-task correlation.
This index expresses the degree of similarity, connection or association between
the responses to the item and the other items measured by the total score on the
task. It differs from D because its calculation allows to consider all participants in
the sample, not just the 54% (27% of the upper group and 27% of the lower

group).

In order to debug the items and select those that are likely to be deleted a set of
criteria (Diaz, 2007; E. Garcia, 2004) was used:

The item whose correlation is negative.

The item whose variance is zero.

The item whose D = 0.0 (very low) or D <= 0.0 (discard), as well as those items
whose D was close to zero.

The item whose p was very high.

Table 5-11 to Table 5-25 contain the results for the 273 items (see Appendix D) among
the 15 tasks defined in BEDA. Each table contains: the item, the number of successes
(Successes), the number of errors (Errors), and the missing cases (Missing), as well as the
difficulty index (p), the difficulty index as a percentage (p*100), the interpretation of the
difficulty index (p level), the discrimination index (D), the interpretation of the level of
discrimination (D level), and the correlation of the item with the task (R).

Table 5-11. Analysis of the items of the task (1) segmentation into syllables

Item H Successes ‘ Errors Missingl P p*100 p level D D level ‘ R ‘
1 98 8 0 0,92 92,45 Easy 0,21 Low 0,421
2 71 35 0 0,67 66,98  Medium 0,66 High 0,492
3 95 11 0 0,90 89,62 Easy 0,28 Low 0,558
4 36 70 0 0,34 3396  Medium 0,21 Low 0,157
5 76 30 0 0,72 71,70 Medium 0,62 High 0,475
6 87 19 0 0,82 82,08 Easy 034 Medium 0,395
7 75 31 0 0,71 70,75 Medium 0,66 High 0,519
8 86 20 0 0,81 81,13 Easy 0,52 High 0,622
9 96 10 0 0,91 90,57 Easy 0,24 Low 0,579
10 86 20 0 0,81 81,13 Easy 0,45 High 0,556
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Item ‘ Successes ‘ Errors Missing “ P p*100 p level D D level ‘ R
11 95 11 0 0,90 89,62 Easy 0,24 Low 0,501
12 76 30 0 0,72 71,70 Medium 0,52 High 0,475

Table 5-12. Analysis of the items of the task (2) number of syllables

Item ‘ Successes ‘ Errors Missing “ P p*100 p level D D level ‘ R
1 90 16 0 0,85 84,91 Easy 0,38  Medium 0,547
2 86 20 0 0,81 81,13 Easy 0,59 High 0,67
3 85 21 0 0,80 80,19 Easy 0,59 High 0,708
4 77 29 0 0,73 72,64 Medium 0,90 High 0,827
5 94 12 0 0,89 88,68 Easy 0,24 Low 0,277
6 90 16 0 0,85 84,91 Easy 0,28 Low 0,185
*7 53 53 0 0,50 50,00  Medium  -0,10 Discard -0,162
8 96 10 0 0,91 90,57 Easy 0,24 Low 0,401

47 59 0 0,44 44,34  Medium 0,59 High 0,415
10 88 18 0 0,83 83,02 Easy 0,45 High 0,604
11 99 7 0 0,93 93,40 Easy 0,10 Verylow 0,099
12 84 22 0 0,79 79,25 Easy 0,62 High 0,689

* It was removed from the analysis according to the criteria used to delete the items.

Table 5-13. Analysis of the items of the task (3) segmentation into phonemes

Item ‘ Successes ‘ Errors Missing “ P p*100 p level D D level ‘ R
1 95 11 0 0,90 89,62 Easy 0,21 Low 0,459
2 101 5 0 0,95 95,28 Easy 0,14 Verylow 0,448
3 77 29 0 0,73 72,64 Medium 0,24 Low 0,174
4 81 25 0 0,76 76,42 Easy 0,76 High 0,675
5 80 26 0 0,75 75,47 Easy 0,76 High 0,633
6 99 7 0 0,93 93,40 Easy 0,17 Low 0,395
7 76 30 0 0,72 71,70 Medium 0,28 Low 0,29
8 97 9 0 0,92 91,51 Easy 0,31  Medium 0,571
9 92 14 0 0,87 86,79 Easy 0,31  Medium 0,433
10 79 27 0 0,75 74,53 Medium 0,59 High 0,5
11 76 30 0 0,72 71,70 Medium 0,76 High 0,648
12 90 16 0 0,85 84,91 Easy 0,45 High 0,531

Table 5-14. Analysis of the items of the task (4) general rhyme

Item | Successes | Errors Missing| p p*100 p level D D level R
1 101 5 0 0,95 95,28 Easy 0,17 Low 0,705
2 102 4 0 0,96 96,23 Easy 0,10 Verylow 0,637
3 84 22 0 0,79 79,25 Easy 0,66 High 0,728
4 101 5 0 0,95 95,28 Easy 0,17 Low 0,718

Table 5-15. Analysis of the items of the task (5) specific rhyme

Item | Successes | Errors Missing| p p*100 p level D D level R
1 93 2 11 0,98 97,89 Easy 0,11  Verylow 0,235
*2 94 1 11 0,99 98,95 Easy 0,00  Discard 0,056
3 92 3 11 0,97 96,84 Easy 0,11  Verylow 0,225
*4 106 0 0 1,00 100,00 Easy 0,00  Discard **
*5 106 0 0 1,00 100,00 Easy 0,00  Discard **
6 97 9 0 0,92 91,51 Easy 0,28 Medium 0,546
7 102 4 0 0,96 96,23 Easy 0,14 Verylow 0,275
8 95 11 0 0,90 89,62 Easy 0,34 Medium 041
*9 106 0 0 1,00 100,00 Easy 0,00  Discard **
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Item | Successes | Errors Missing| p p*100 p level D D level R
10 100 6 0 0,94 94,34 Easy 0,14 Verylow 0,175
*11 103 3 0 0,97 97,17 Easy 0,07 Verylow 0,26
*12 102 4 0 0,96 96,23 Easy 0,07 Verylow 0,155
*13 105 1 0 0,99 99,06 Easy 0,03 Verylow 0,254
*14 106 0 0 1,00 100,00 Easy 0,00  Discard **
*15 106 0 0 1,00 100,00 Easy 0,00  Discard **
*16 106 0 0 1,00 100,00 Easy 0,00  Discard **
*17 105 1 0 0,99 99,06 Easy 0,00  Discard 0,017
18 101 5 0 0,95 95,28 Easy 0,17 Low 0,471
* It was removed from the analysis according to the criteria used to delete the items.
** It was removed from the analysis for having zero variance.
Table 5-16. Analysis of the items of the task (6) phonemic location
Item ‘ Successes | Errors Missing | p *100 p level D D level R
1 79 16 11 0,83 83,16 Easy 0,33 Medium 0,345
2 103 3 0 0,97 97,17 Easy 0,10 Verylow 0,289
3 101 5 0 0,95 95,28 Easy 0,17 Low 0,42
*4 104 1 1 0,99 99,05 Easy 0,04 Verylow 0,155
5 92 13 1 0,88 87,62 Easy 0,25 Low 0,241
6 100 5 1 0,95 95,24 Easy 0,14 Verylow 0,354
*7 104 2 0 0,98 98,11 Easy 0,07 Verylow 0,302
8 102 4 0 0,96 96,23 Easy 0,14 Verylow 0,253
9 103 3 0 0,97 97,17 Easy 0,10 Verylow 0,289
*10 104 2 0 0,98 98,11 Easy 0,07 Verylow 0,352
*11 102 4 0 0,96 96,23 Easy 0,03 Verylow 0,11
12 100 6 0 0,94 94,34 Easy 0,14 Verylow 0,18
*13 22 73 11 0,23 23,16 Hard 0,44 High 0,456
14 96 10 0 0,91 90,57 Easy 0,21 Low 0,237
15 68 27 11 0,72 71,58 Medium 0,59 High 0,497

* It was removed from the analysis according to the criteria used to delete the items.

Table 5-17. Analysis of the items of the task (7) omission of phonemes

Item | Successes | Errors Missing| p p*100 p level D D level R
1 81 25 0 0,76 76,42 Easy 0,52 High 0,519
2 93 13 0 0,88 87,74 Easy 0,31  Medium 0,468
3 75 31 0 0,71 70,75  Medium 0,55 High 0,475
4 59 47 0 0,56 55,66 ~ Medium 0,52 High 0,431
5 63 43 0 0,59 59,43  Medium 0,55 High 0,437
6 68 38 0 0,64 64,15  Medium 0,55 High 0,395
7 95 11 0 0,90 89,62 Easy 0,31  Medium 0,538
8 102 4 0 0,96 96,23 Easy 0,10 Verylow 0,499
9 98 8 0 0,92 92,45 Easy 0,21 Low 0,422
10 93 13 0 0,88 87,74 Easy 0,24 Low 0,468
11 98 8 0 0,92 92,45 Easy 0,17 Low 0,487
12 96 10 0 0,91 90,57 Easy 0,21 Low 0,521
13 67 39 0 0,63 63,21 Medium 0,38 Medium 0,361
14 45 61 0 0,42 42,45 Medium 0,66 High 0,443
15 92 14 0 0,87 86,79 Easy 0,34  Medium 0,589
16 96 10 0 0,91 90,57 Easy 0,24 Low 0,544
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Table 5-18. Analysis of the items of the task (8) homophone/pseudohomophone choice

Item ‘ Successes | Errors Missing‘ p p*100 p level D D level ‘ R

*1 94 0 12 1,00 100,00 Easy 0,00  Discard **
2 97 9 0 0,92 91,51 Easy 0,24 Low 0,278
3 94 12 0 0,89 88,68 Easy 0,28 Low 0,481
4 100 6 0 0,94 94,34 Easy 0,14 Verylow 0,29
5 94 12 0 0,89 88,68 Easy 0,38 Medium 0,568
*6 104 0 0,98 98,11 Easy 0,07 Verylow 0,322
*7 105 1 0 0,99 99,06 Easy 0,03 Verylow 0,322
*8 105 1 0 0,99 99,06 Easy 0,00  Discard 0,036
9 93 13 0 0,88 87,74 Easy 0,24 Low 0,335
*10 22 84 0 0,21 20,75 Hard 0,17 Low 0,016
*11 104 2 0 0,98 98,11 Easy 0,07 Verylow 0,458
12 100 6 0 0,94 94,34 Easy 0,21 Low 0,33
13 94 12 0 0,89 88,68 Easy 0,31 Medium 0,452

* It was removed from the analysis according to the criteria used to delete the items.
** It was removed from the analysis for having zero variance.

Table 5-19. Analysis of the items of the task (9) orthographic choice

Item ‘ Successes | Errors Missing| p p*100 p level D D level ‘ R

1 62 32 12 0,66 65,96 Medium 0,51 Low 0,369
*2 94 0 12 1,00 100,00 Easy 0,00 Discard **
3 103 3 0 0,97 97,17 Easy 0,10 Low 0,165
*4 0 94 12 0,00 0,00 Hard -0,41  Discard **
5 90 16 0 0,85 84,91 Easy 0,17 Low 0,096
*6 106 0 0 1,00 100,00 Easy 0,00  Discard **
100 6 0 0,94 94,34 Easy 0,10 Verylow 0,149
8 9 7 0 0,93 93,40 Easy 0,14 Verylow 0,318
*9 106 0 0 1,00 100,00 Easy 0,00 Discard **
10 87 19 0 0,82 82,08 Easy 0,31 Medium 0,333
11 85 9 12 0,90 90,43 Easy 0,26 Low 0,268
12 71 35 0 0,67 66,98 Medium 0,38 Medium 0,194
*13 101 5 0 0,95 95,28 Easy 0,07 Verylow 0,215
14 42 64 0 0,40 39,62 Medium 0,24 Low 0,272
15 78 28 0 0,74 73,58 Medium 0,28 Low 0,292
16 101 5 0 0,95 95,28 Easy 0,14 Verylow 0,382
17 91 3 12 0,97 96,81 Easy 0,12 Verylow 0,214
*18 47 47 12 0,50 50,00 Medium 0,07 Verylow 0,372

* It was removed from the analysis according to the criteria used to delete the items.
** It was removed from the analysis for having zero variance.

Table 5-20. Analysis of the items of the task (10) reading words

Item ‘ Successes ‘ Errors Missing ‘| P p*100 p level D D level ‘ R
*1 104 2 0 0,98 98,11 Easy 0,07 Verylow 0,298
*2 105 1 0 0,99 99,06 Easy 0,03 Verylow 0,124
*3 104 2 0 0,98 98,11 Easy 0,07 Verylow 0,114
*4 106 0 0 1,00 100,00 Easy 0,00  Discard **
5 101 5 0 0,95 95,28 Easy 0,17 Low 0,203
*6 105 1 0 0,99 99,06 Easy 0,03 Verylow 0,21
*7 104 2 0 0,98 98,11 Easy 0,03 Verylow 0,237
*8 106 0 0 1,00 100,00 Easy 0,00  Discard **
*9 104 2 0 0,98 98,11 Easy 0,07 Verylow 0,237

*10 106 0 0 1,00 100,00 Easy 0,00  Discard **
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Item H Successes ‘ Errors Missing | P p*100 p level D D level R
*11 104 2 0 0,98 98,11 Easy 0,07 Verylow 0,298
*12 105 1 0 0,99 99,06 Easy 0,03 Verylow 0,21
13 102 4 0 0,96 96,23 Easy 0,14 Verylow 0,382
*14 106 0 0 1,00 100,00 Easy 0,00  Discard **
*15 106 0 0 1,00 100,00 Easy 0,00  Discard **
*16 106 0 0 1,00 100,00 Easy 0,00  Discard **

17 99 7 0 0,93 93,40 Easy 0,24 Low 0,337
*18 106 0 0 1,00 100,00 Easy 0,00  Discard **

*19 104 2 0 0,98 98,11 Easy 0,07 Verylow 0,42
*20 105 1 0 0,99 99,06 Easy 0,03 Verylow 0,554
21 101 5 0 0,95 95,28 Easy 0,17 Low 0,517
*22 104 2 0 0,98 98,11 Easy 0,03 Verylow 0,053
*23 104 2 0 0,98 98,11 Easy 0,03 Verylow 0,42
*24 104 2 0 0,98 98,11 Easy 0,07 Verylow 0,543
25 100 6 0 0,94 94,34 Easy 0,21 Low 0,454
*26 105 1 0 0,99 99,06 Easy 0,03 Verylow 0,554
*27 106 0 0 1,00 100,00 Easy 0,00  Discard **

*28 105 1 0 0,99 99,06 Easy 0,03 Verylow 0,382
*29 104 2 0 0,98 98,11 Easy 0,03 Verylow 0,053
30 103 3 0 0,97 97,17 Easy 0,10 Verylow 0,417
*31 105 1 0 0,99 99,06 Easy 0,03 Verylow 0,382
32 103 3 0 0,97 97,17 Easy 0,10 Verylow 0,316

* It was removed from the analysis according to the criteria used to delete the items.

** It was removed from the analysis for having zero variance.

Table 5-21. Analysis of the items of the task (11) reading pseudowords

p*100 p level D level

*1 105 1 0 0,99 99,06 Easy 0,00 Discard 0,004
*2 105 1 0 0,99 99,06 Easy 0,00 Discard 0,004
*3 105 1 0 0,99 99,06 Easy 0,03 Verylow 0,452
*4 105 1 0 0,99 99,06 Easy 0,03 Verylow 0,452

5 102 4 0 0,96 96,23 Easy 0,10 Verylow 0,33
*6 105 1 0 0,99 99,06 Easy 0,03 Verylow 0,153

7 103 3 0 0,97 97,17 Easy 0,10 Verylow 0,638
*8 103 3 0 0,97 97,17 Easy 0,07 Verylow 0,377

9 103 3 0 0,97 97,17 Easy 0,10 Verylow 0,595
10 102 4 0 0,96 96,23 Easy 0,14 Verylow 0,519
11 103 3 0 0,97 97,17 Easy 0,10 Verylow 0,616
12 101 5 0 0,95 95,28 Easy 0,17 Low 0,622
*13 105 1 0 0,99 99,06 Easy 0,03 Verylow 0,079
*14 104 2 0 0,98 98,11 Easy 0,07 Verylow 0,324
*15 105 1 0 0,99 99,06 Easy 0,03 Verylow 0,377
16 97 9 0 0,92 91,51 Easy 0,24 Low 0,323
*17 104 2 0 0,98 98,11 Easy 0,07 Verylow 0,112
*18 105 1 0 0,99 99,06 Easy 0,00 Discard 0,004
19 101 5 0 0,95 95,28 Easy 0,17 Low 0,452
20 101 5 0 0,95 95,28 Easy 0,10 Verylow 0,435
21 100 6 0 0,94 94,34 Easy 0,17 Low 0,385
22 102 4 0 0,96 96,23 Easy 0,14 Verylow 0,273
*23 103 3 0 0,97 97,17 Easy 0,07 Verylow 0,464
24 101 4 0 0,96 96,19 Easy 0,17 Low 0,724
25 101 5 0 0,95 95,28 Easy 0,17 Low 0,281
*26 103 3 0 0,97 97,17 Easy 0,07 Verylow 0,029
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Item ‘Successes ‘Errors Missing “p p*100 p level D D level ‘R

*27 101 5 0 0,95 95,28 Easy 0,07 Verylow 0,179
*28 104 2 0 0,98 98,11 Easy 0,03 Verylow 0,297
29 98 8 0 0,92 92,45 Easy 0,10 Verylow 0,121
*30 104 2 0 0,98 98,11 Easy 0,07 Verylow 043

*31 105 1 0 0,99 99,06 Easy 0,00  Discard 0,004
*32 105 1 0 0,99 99,06 Easy 0,03 Verylow 0,041
*33 103 3 0 0,97 97,17 Easy 0,07 Verylow 0,333
34 101 5 0 0,95 95,28 Easy 0,14 Verylow 0,366
*35 103 3 0 0,97 97,17 Easy 0,07 Verylow 0,29

36 102 4 0 0,96 96,23 Easy 0,10 Verylow 0,159
*37 102 4 0 0,96 96,23 Easy 0,03 Verylow 0,027
*38 104 2 0 0,98 98,11 Easy 0,03 Verylow 0,112
39 87 19 0 0,82 82,08 Easy 0,38  Medium 0,301
40 101 5 0 0,95 95,28 Easy 0,17 Low 0,281
41 96 10 0 0,91 90,57 Easy 0,24 Low 0,309
42 91 15 0 0,86 85,85 Easy 0,21 Low 0,254
43 100 6 0 0,94 94,34 Easy 0,21 Low 0,307
44 103 3 0 0,97 97,17 Easy 0,10 Verylow 0,181
45 100 6 0 0,94 94,34 Easy 0,10 Verylow 0,15

*46 104 2 0 0,98 98,11 Easy 0,07 Verylow 0,112
47 102 4 0 0,96 96,23 Easy 0,10 Verylow 0,235
48 97 9 0 0,92 91,51 Easy 0,17 Low 0,271

* It was removed from the analysis according to the criteria used to delete the items.

Table 5-22. Analysis of the items of the task (12) visual speed of letters and numbers

Item ‘ Successes | Errors Missin| ) *100 p level D D level ‘ R

*1 104 2 0 0,98 98,11 Easy 0,07 Verylow 0,881
*2 104 2 0 0,98 98,11 Easy 0,07 Verylow 0,483
3 98 8 0 0,92 92,45 Easy 0,17 Low 0,556
4 99 7 0 0,93 93,40 Easy 0,17 Low 0,267
5 101 5 0 0,95 95,28 Easy 0,10 Verylow 0,599
*6 105 1 0 0,99 99,06 Easy 0,03 Verylow 0,647
7 103 3 0 0,97 97,17 Easy 0,10 Verylow 0,866
8 101 5 0 0,95 95,28 Easy 0,17 Low 0,599
9 100 6 0 0,94 94,34 Easy 0,14 Verylow 0,362
10 98 8 0 0,92 92,45 Easy 0,21 Low 0,37
*11 104 2 0 0,98 98,11 Easy 0,07 Verylow 0,597
12 102 4 0 0,96 96,23 Easy 0,14 Verylow 0,703
13 102 4 0 0,96 96,23 Easy 0,14 Verylow 0,636
*14 104 2 0 0,98 98,11 Easy 0,03 Verylow 0,407
*15 104 2 0 0,98 98,11 Easy 0,07 Verylow 0,445
*16 105 1 0 0,99 99,06 Easy 0,03 Verylow 0,647
17 100 6 0 0,94 94,34 Easy 0,21 Low 0,585
18 103 3 0 0,97 97,17 Easy 0,10  Very low 0,4
19 97 9 0 0,92 91,51 Easy 0,21 Low 0,566
20 95 11 0 0,90 89,62 Easy 0,28 Low 0,369
21 100 6 0 0,94 94,34 Easy 0,14 Verylow 0,385
22 102 4 0 0,96 96,23 Easy 0,10 Verylow 0,379
23 102 4 0 0,96 96,23 Easy 0,14 Verylow 0,433
24 93 13 0 0,88 87,74 Easy 0,38 Medium 0,536
25 103 3 0 0,97 97,17 Easy 0,10 Verylow 0,804
26 102 4 0 0,96 96,23 Easy 0,14 Verylow 0,703
27 96 10 0 0,91 90,57 Easy 0,17 Low 0,463
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Item | Successes | Errors Missing| p p*100 p level D D level R
28 101 5 0 0,95 95,28 Easy 0,10 Verylow 0,355
29 99 7 0 0,93 93,40 Easy 0,21 Low 0,392
30 103 3 0 0,97 97,17 Easy 0,10 Verylow 0,804
31 100 6 0 0,94 94,34 Easy 0,14 Verylow 0,585
32 100 6 0 0,94 94,34 Easy 0,21 Low 0,451
33 101 5 0 0,95 95,28 Easy 0,14 Verylow 0,404
*34 103 3 0 0,97 97,17 Easy 0,07 Verylow 0,447
35 90 16 0 0,85 84,91 Easy 0,31 Medium 0,295

* It was removed from the analysis according to the criteria used to delete the items.

Table 5-23. Analysis of the items of the task (13) retaining letters and words

Item ‘ Successes | Errors Missing ‘ P p*100 p level D D level R
1 99 7 0 0,93 93,40 Easy 0,21 Low 0,622
2 103 3 0 0,97 97,17 Easy 0,10 Verylow 0,207
3 96 10 0 0,91 90,57 Easy 031 Medium 0,529
4 99 7 0 0,93 93,40 Easy 0,24 Low 0,563
5 97 9 0 0,92 91,51 Easy 0,28 Low 0,543
6 102 4 0 0,96 96,23 Easy 0,14 Verylow 0,681
7 101 5 0 0,95 95,28 Easy 0,14 Verylow 0,353
8 94 12 0 0,89 88,68 Easy 0,31 Medium 0,463
*9 104 2 0 0,98 98,11 Easy 0,07 Low 0,37
10 92 14 0 0,87 86,79 Easy 034 Medium 0,482
11 9 7 0 0,93 93,40 Easy 0,10 Verylow 0,368
12 81 25 0 0,76 76,42 Easy 041 High 0,46
13 99 7 0 0,93 93,40 Easy 0,17 Low 0,114

*14 105 1 0 0,99 99,06 Easy 0,03 Verylow 0,486
15 101 5 0 0,95 95,28 Easy 0,17 Low 0,353
16 101 5 0 0,95 95,28 Easy 0,10 Verylow 0,331
17 95 11 0 0,90 89,62 Easy 0,28 Low 0,423
18 101 5 0 0,95 95,28 Easy 0,14 Verylow 0,514

* It was removed from the analysis according to the criteria used to delete the items.

Table 5-24. Analysis of the items of the task (14) reading narrative text

Item H Successes ‘ Errors Missing | P p*100 p level D D level R

1 94 12 0 0,89 88,68 Easy 0,17 Low 0,356

77 29 0 0,73 72,64 Medium 0,66 High 0,656
3 58 48 0 0,55 54,72 Medium 0,66 High 0,503
4 95 11 0 0,90 89,62 Easy 0,24 Low 0,374
5 48 58 0 0,45 4528  Medium 0,66 High 0,496
6 52 54 0 0,49 49,06  Medium 0,76 High 0,522
7 58 48 0 0,55 54,72  Medium 0,38 Medium 0,384
8 60 46 0 0,57 56,60  Medium 0,79 High 0,63
9 100 6 0 0,94 94,34 Easy 0,14 Verylow 0,343
0 71 35 0 067 669  Medium 048  High 0441

Table 5-25. Analysis of the items of the task (15) reading expository text

Item H Successes ‘ Errors Missing | P p*100 p level D D level R
1 80 26 0 0,75 75,47 Easy 0,45 High 0,408
74 32 0 0,70 69,81  Medium 0,31 Medium 0,323
3 62 44 0 0,58 5849  Medium 0,52 High 0,486
4 49 57 0 0,46 46,23 Medium 0,48 High 0,384
5 49 57 0 0,46 46,23  Medium 0,66 High 0,475
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Item | Successes | Errors Missing| p p*100 p level D D level R
6 38 68 0 0,36 3585  Medium 041 High 0,325
7 66 40 0 0,62 62,26  Medium 0,62 High 0,525
8 82 24 0 0,77 77,36 Easy 0,38  Medium 0,341
9 75 31 0 0,71 70,75  Medium 0,31 Medium 0,334
10 89 17 0 0,84 83,96 Easy 0,41 High 0,487

After debugging, 190 items were selected from the 273 initial item considering the
criteria used to delete the items (the 83 items that were deleted are marked with an
asterisk (*) in Table 5-11 to Table 5-25). As result of this process of analysis and
debugging of items, in Appendix E all BEDA’s definitive items are presented.

To sum up, the tasks (1) segmentation into syllables (see Table 5-11), (3) segmentation into
phonemes (see Table 5-13), (4) general rhyme (see Table 5-14), (7) omission of phonemes (see
Table 5-17), (14) reading narrative text (see Table 5-24), and (15) reading expository text (see
Table 5-25) had not removed items, keeping the 12, 12, 4, 16, 10 and 10 items initially
proposed, respectively. On the other hand, the task (2) number of syllables (see Table 5-12)
consisted of 11 items of the 12 initially proposed. The task (5) specific rhyme (see Table 5-
15) was reduced to 7 items of the 18 initially proposed. The task (6) phonemic location (see
Table 5-16) was reduced to 10 items of the 15 initially proposed. The task (8)
homophone/pseudohomophone choice (see Table 5-18) was reduced to 7 items of the 13
initially proposed. The task (9) orthographic choice (see Table 5-19) was reduced to 12 of the
18 items initially proposed. The tasks (10) reading words (see Table 5-20) and (11) reading
pseudowords (see Table 5-21) were substantially reduced to 7 and 25 items, respectively, of
the 32 and 48 initially proposed. The task (12) visual speed of letters and numbers (see Table
5-22) was reduced to 27 of the 35 initially proposed. Finally, the task (13) retaining letters
and words (see Table 5-23) was reduced to 16 of the 18 initially proposed.

Finally, each of the descriptive statistics for each of the tasks of BEDA were
recalculated (See Table 5-26):

Table 5-26. Measures of central tendency and variability of BEDA's tasks after debugging
of the items

’ Mean ’Median| Mode |Maximum|Minimum‘Range‘Variance‘Std. dev.‘Skewness|Kurtosis‘

1.Segmentation into
syllables 0,77 | 0,92 | 092 1,00 0,00 1,00 | 0,15 0,39 -1,62 1,81
2.Number of syllables| 0,80 | 0,91 | 0,91 1,00 0,00 1,00 | 0,14 0,37 -1,82 2,21
3.Segmentation into

honemes 0,82 | 1,00 | 1,00 1,00 0,00 1,00 | 0,14 0,36 -2,05 3,40
4.General rhyme 0,72 | 1,00 | 1,00 1,00 0,00 1,00 | 0,19 0,44 -1,08 -0,53
5.Specific rhyme 0,95 | 1,00 | 1,00 1,00 0,00 1,00 | 0,05 0,22 -4,43 19,80
6.Phonemic location | 0,91 | 1,00 | 1,00 1,00 0,00 1,00 | 0,08 0,26 -3,69 14,35
7.0Omission of
phonemes 0,77 | 094 | 094 1,00 0,00 1,00 | 0,15 0,38 -1,84 3,40
8.Homophone/pseud
ohomophone choice | 0,91 | 1,00 | 1,00 1,00 0,00 1,00 | 0,09 0,29 -2,94 7,18
9.0rthographic choice| 0,82 | 0,92 | 0,92 1,00 0,00 1,00 | 0,12 0,33 -2,62 8,67
10.Reading words 0,96 | 1,00 | 1,00 1,00 0,00 1,00 | 0,04 0,20 -4,65 20,69
11.Reading
pseudowords 0,94 | 1,00 | 1,00 1,00 0,00 1,00 | 0,05 0,23 -4,22 17,34
12.Visual speed of
letters and numbers | 094 | 1,00 | 1,00 1,00 0,00 1,00 | 0,06 0,23 -4,11 16,27
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\ Mean \Medianl Mode IMaximum‘MinimumlRangelVariance Std. dev.|SkewnessKurtosis

13.Retaining letters
and words 092 | 1,00 | 1,00 1,00 0,00 1,00 0,07 0,26 -3,54 11,94
14.Reading narrative
text 0,67 | 0,80 | 0,80 1,00 0,00 1,00 0,19 0,43 -1,14 1,19
15.Reading
expository text 0,62 0,70 0,70 1,00 0,00 1,00 0,22 0,46 -0,60 -1,15

5.3 Summary

This chapter presented the definition of an automated battery for the assessment of
cognitive processes involved in reading, called BEDA (acronym for the Spanish name
Bateria de Evaluacion de Dislexia en Adultos). BEDA is a software tool, which is composed of
15 tasks that can be completed by students 16 years old and older. Basically, this tool
consists of eight modules: six for the assessment of each cognitive process involved, one
for the analysis of results, and one for administration purposes.

Assessment modules involve tasks to assess phonological awareness, orthographic
processing, lexical access, processing speed, verbal working memory, and semantic processing, all
of which are necessary to identify dyslexia in university students. To implement these
tasks, it was relied on a multimodal architecture that allows the student to communicate
with BEDA through different modes according to the specific objective of each
assessment task. BEDA uses modes of interaction for inputs and outputs that allow the
combined use of spoken and written language and other devices like the keyboard and
the mouse. BEDA includes 15 assessment tasks; each task consists of set of items or
exercises that assess the differente cognitive processes. Each item has an associated
stimulus to complete it (e.g., a word, a sound, a question, etc.). There are example items
and assessment items. In total 308 items were defined (35 of example and 273 of
assessment) (see Appendix D).

Analysis results module is created to design and deliver the results report of the
students after they have completed the assessment tasks. It automatically generates an
individual report for each student with: 1) the scores obtained and the difficulty level
(none, slight, moderate or severe) presented on each assessment task, 2) the identification
of cognitive processes that are deficient, 3) the overall cognitive performance, 4) the
scores profile, 5) the diagnosis of the presence or absence of dyslexia, and 6) a set of
recommendations for students based on their difficulty levels of each cognitive process.
This module can be accessed by experts, teachers, and students: experts who are
responsible for the content of the reports to be delivered, teachers who wish to know
student results and recommendations for each case, and students that want to see their
personal result report.

Administration module is designed and implemented for the exclusive use of a subject
matter expert (e.g., an educational psychologist); this module allows the creation and/or
edition of different assessment tasks needed to identify cognitive deficits in students.

This chapter also presented two case studies in order to test the functionality and
usability of BEDA as well as to recover the score scales defining when a student
presented or not a cognitive deficit and to analize and debug the BEDA’s items used to
assess each of the cognitive processes.
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In the first case study, 19 students from the University of Girona (Spain) and the
University of La Laguna (Spain) were asked about the functionality and the usability of
BEDA, as well as the comprehensibility of BEDA’s items (i.e., how easy it is to read or
hear the different items by the students). In addition, it was explored the average time
and sessions that the students require to complete it without feel them tired. According to
the results, BEDA was reviewed and restructured: audio instructions were again
recorded in an appropriate setting, some items were modified by psychologists, help
guides were incorporated, an automated functional requirement validation at the
beginning of BEDA execution was introduced, and a module to verify the accuracy of the
tasks using voice recognition was developed, since the acoustic model of the speech
recognition software needs more training to improve the accuracy of voice recognition
for all students.

Then, in the second case study, the preliminary score scales of the BEDA’s tasks were
obtained, as well as the analysis and debug of BEDA'’s items was performed. In order to
achieve this, a sample of 106 students from the University of Girona (Spain) who
completed all tasks of BEDA was studied. To calculate the score scales, first, differences
in gender were reviewed, however, significant differences were not found and therefore
the scales were defined for the total sample. Then, scalar scores ranging from 1 to 12 were
calculated. It is worth noting that these scales are not definitive, due to they require a
larger population and different university contexts. These scales were calculated to
provide a preliminary feedback and recommendations to students. Results of the analysis
and debugging of BEDA’s items allow selecting 190 items from the 273 initial items
considering the criteria defined to delete the items. The BEDA’s definitive items are
presented in Appendix E.

Finally, it is highlighted that more case studies are being conducted at the University
of La Laguna (Spain) and the University of Las Palmas Gran Canaria (Spain) in order to
refine the score scales and the depuration of the BEDA's items.




ASSISTANCE OF UNIVERSITY STUDENTS WITH
READING DIFFICULTIES

In previous chapters methods and tools to detect and support university students with
earlier diagnosis of dyslexia and/or reading difficulties, as well as, tools to detect their
learning style and assess their cognitive processes were developed. In this chapter, a
dashboard for visualizing and inspecting these reading difficulties and their
characteristics, called PADA (acronym for the Spanish name Panel de Analiticas de
Aprendizaje de Dislexia en Adultos), as well as a repository for storing and delivering of
recommendations to overcome such difficulties, called RADA (acronym for the Spanish
name Recomendador de Actividades para la Dislexia en Adultos), are presented.

PADA is a web-based tool designed to facilitate the creation of descriptive
visualizations required for a better understanding of students about their learner model.
Through information visualization techniques, PADA shows students the knowledge in
their learner models in order to help them to increase their awareness and to support
reflection and self-regulation about their difficulties in reading. PADA provides different
visualizations on reading performance of students, so that they can self-identify their
particular strengths and weaknesses and self-regulate their learning. Examples that cover
a variety of visualizations (bar-charts, line-charts, and pie-charts) to show learner model
fragments as personal details, reading profiles, learning styles, and cognitive traits of the
students are described. PADA was tested in a case study with 26 students of different
academic programs and levels, dyslexic and those with symptoms of dyslexia. The results
show that PADA can assist students in creating awareness, and help them to understand
their strengths and weaknesses associated with the reading tasks, as well as facilitate
reflection and self-regulation in the learning process.

On the other hand, RADA is a tool that stores recommendations of learning activities
for students with cognitive deficits. These recommendations were created in
collaboration with expert researchers and practitioners in dyslexia. Currently, RADA
contains 36 recommendations to support the different cognitive processes were assessed.
Examples of these recommendations are described. The functionality of RADA and the
comprehensibility of the recommendations were tested in a case study with 20 students
from engineering programs.

This chapter is structured as follows. Section 6.1 gives an introduction about
assistance of university students with reading difficulties. Section 6.2 describes PADA
and its architecture, as well as a case study to evaluate its usefulness. Section 6.3 presents
RADA and some of its recommendations, as well as a case study to evaluate its
functionality and comprehensibility. Finally, Section 6.3.1 presents a summary of the
chapter.
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6.1 Introduction

The vision of this dissertation is that students with dyslexia and/or reading difficulties
can learn at their own pace, knowing their strengths and weaknesses, and using their
own strategies. To do so, the effectiveness and quality of their learning experience should
be enhanced, by providing a better fit between the needs of affected students at a
particular time and the learning facilities provided. However, the awareness of their
reading difficulties (weaknesses) and learning styles (strengths) as well as their cognitive
deficits should be encouraged in order to facilitate the learning reflection and self-
regulation of it. In this sense, technologies have the potential to make a real difference for
those with special learning needs, so that all students can make the most of their skills,
irrespective of their disabilities. Accordingly, it is highlighted the construction of learner
models (see Section 2.3.1) in order to gather students” information and hence delivering
of suitable personalized and adapted learning to their needs in a learning context.

By opening this learner model (see Section 2.4), students are provided with additional
information (e.g. reading difficulties, learning styles and cognitive deficits) about their
learning process that is not usually available to them, so that they may then decide where
they need or wish to improve their skills, and carry out the corresponding learning
activities autonomously to achieve this improvement. In this sense, the use of learning
analytics solutions to open the learner model is proposed.

Taking into account the foundations on Activity-based Learner-models (see Section
2.9.4.1), it is believed that this technical framework is suitable for providing appropriate
learning analytics to students with dyslexia and/or reading difficulties. Therefore, this
study raises new challenges to describe activity-based learner-models for the effective
application of learning analytics in the support of the affected students. On one hand, it is
necessary to clarify how to implement this technical framework in independent
educational software such as PADA (see Section 6.2). On the other hand, new roles need
to be supported as important subjects of educational activities for assistance of dyslexia
and/or reading difficulties; in this dissertation the role of expert psychologist emerges
and requires different communal perspectives. It is important to note that this role is not
mentioned in the theories of learning orchestration and in this research work is essential
for the design of the learning analytics and the creation recommendations provided by
RADA. Finally, this work requires moderation of two types: activity centered and outcome
centered. The prototypes of indicators implemented in (Florian et al., 2011) were only
activity centered. The first type of moderation (activity centered) provides task support.
This support can take many forms such as outlines, recommendations, storyboards, or
key questions. It focuses on the modeling of a task, give advice or provide coaching. The
second type of moderation (outcome centered) is guiding by feedback. This type of
learning support tackles the problem solving skills of students by providing them an
external view on their performance. Thus, such learning support is related to the
assessment procedures that are defined for an educative process.

Figure 6-1 shows the Activity-based Learner-model technical framework adapted from
(Florian et al., 2011) to this research work. This technical framework was extended to
Outcome-based Learner-model. Thus, the monitoring and assessment can be either activity
centered (e.g., Activity-based Aggregators) or outcome centered (e.g., Outcome-based
Aggregators). Therefore, learning analytics can be on activities and performance of the
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students in terms of demographics, reading difficulties, learning styles and cognitive
processes. From these learning analytics, the provision of recommendations by expert
psychologists could be achieved. In Section 6.2, the architecture of PADA is described
and the challenges previously defined are answered. In Section 6.3, a first approach of the
implementation of RADA is described.
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Figure 6-1. The activity-based learner-models technical framework adapted to PADA

6.2 PADA: Dashboard of Learning Analytics of Dyslexia in adults

Once the data detection and assessment of students is saved (see Chapter 4 and Chapter
5), learning analytics of the data collected can be produced. In this research work PADA
tool is proposed to produce such learning analytics. PADA is a dashboard for visualizing
and inspecting fragments of information from the learner model (Mejia & Fabregat, 2012)
related to reading difficulties for university students (i.e., demographics, reading profile,
learning styles, and cognitive traits). It generates visualizations for each of the
demographics data forms, questionnaires (i.e., ADDA and ADEA) and cognitive
assessment tasks (i.e., BEDA) presented in previous chapters. These visualizations seek to
create awareness among students about their reading difficulties, learning style, and
cognitive deficits in order to facilitate reflection and encourage self-regulated of their
learning, especially where reading is involved.

6.2.1 Architecture and Implementation

As mentioned previously, the PADA architecture is based on the of the Activity-based
Learner-models technical framework to have a flexible and extendable dashboard to open
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more fragments of the learner model if they are required later (Florian et al.,, 2011).
Basically, the PADA components are: 1) the databases, which implement the sensor layer
to collect data from the students and their activity and performance through forms (i.e.,
demographics), ADDA (i.e., reading profile), ADEA (i.e., learning styles) and BEDA (i.e.,
cognitive traits), 2) the aggregators, which implement the semantic layer to transform the
data from the database according to the social plane (i.e., student, peers or class) and the
social perspective (i.e., student, teacher or expert) required, 3) the data mining, which
implement the control layer to process the aggregators using different rules and
statistical analysis, 4) the learning analytics, which implement the indicator layer to
display in the corresponding interface the visualizations (i.e., Overview, Reading
Difficulties, Learning Styles, and Cognitive Processes), and 5) a web server that stores the
implemented layers and allows communication between learners and PADA by means of
a browser.

Three challenges were raised in Section 6.1 related with the particular implementation
of Activity-based Learner-models in PADA:

e How to implement this technical framework in an independent educational
software such as PADA?

e How can it include a new role of expert psychologist?

¢ How can be added an outcome-centered moderation?

To answer these challenges, Figure 6-2 summaries technology details to implement
the four layers for PADA (answer to the first challenge). There are also details of
aggregators’ elements (to answer the second and the third challenge). The sensor layer
uses PostgreSQL databases to save assessment results and monitor logs. The semantic
layer is entirely implemented with the web object-oriented language PHP. In this layer a
set of classes and functions are used to define aggregators. An aggregator function
receives at least two parameters: a) the social plane, and b) the perspective. Inside the
aggregator function a SQL query is built and launched. The SQL query changes
depending on the value of parameters received. Thus, the same aggregator returns
different semantic data. In PADA there are two kinds of aggregators. The outcome-based
aggregators collect data of detection and assessment results from the database. The
activity-based aggregators collect data from monitor logs from the database. The control
layer holds several Javascripts based on the jQuery Javascript library. Scripts request
particular aggregators. The request is an AJAX call to the server. Thus, data mining
processes, codified with jQuery library and intensive AJAX call to the server, transform
the information of the aggregators to send it to the indicator layer. A final processing is
made in the indicator layer to produce adequate plots. These plots use new HTML 5
elements such as the <canvas> element. A particular library is used also, the jpPlot
library. The final aspects of the interface are arranged using CSS. It is important to know
that all selected technology is open source. In particular de jqPlot library was selected
after testing it and other five libraries. The jqPlot library has functions to plot a wide
range of charts, the aspect of plots is nice and adaptable, and finally the time of response
is adequate.
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Figure 6-2. Architecture and technology behind PADA

To sum up the results of this architecture and their implementation are visualizations
for different social planes (student, peers, and class) and social perspectives (student,
teacher, and expert); although in this dissertation author only consider the student’s
perspective in the case study reported. Therefore, in this student's perspective, the
visualizations that are shown are mostly for the student’s social plane, although some of
them include views of the peers and class planes in order to provide comparisons and
generate reflection among students taking reference points. The social plane student
shows visualizations of a single student (i.e. the student logged in PADA), the social
plane peers shows visualizations of the entire class minus the student logged in PADA
and the social plane class shows visualizations of the entire class.

6.2.2 Interfaces

The PADA interface was divided into four tabs depending on the learner submodel
accessed: 1. demographics, 2. reading profile, 3. learning styles or 4. cognitive traits (see
Section 3.3). These tabs allow students to explore different visual representations of their
activity and performance and provide feedback to support them to recognize strengths
and weakness in their reading competences. These tabs also provide some parallel views
of an individual students, his/her peers, and all as a class, in order to identify the severity
of their difficulties according to the results of other matched by age and academic level.
The analyses are made according to guidelines and statistical analysis taking into account
the criteria set for the construction of each of the data collection tools.
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e Overview (see a in Figure 6-3) refers to personal details of the participant students
(i.e. ages, genders, academic programs, etc.). The tab visualizes (1) the number of
participant students, (2) the details of the student in session, (3) the time spent to
complete the data collection tools (see b in Figure 6-3), (4) the age distributions,
and (5) the number of student per academic program. Figure 6-3 shows results of
the time spent to complete the data collection on a line chart; in this line student
views the minimum time spent by a student, her/his time (see c in Figure 6-3), the
average of her/his peers and class, as well as the maximum time spent by a
student. The learning analytic present both textual and graphical visualizations.

| S———— | I
|| Informacion general | Dificultades lectoras Estilo de aprendizaje Procesos cognitivos
D e e, 1
» Estudiantes participantes
» Tus datos de estudiante
e
’\' Tiempp utilizado \/ (b)
» Tu tiempo (E): 0:58:45 hh:mm:ss
» Tigmpo promedio de tus compafieros (sin incluirte) (C): 1:11:23 hh:mm:ss
» Tiempo promedio de todo el grupo (incluido td) (G): 1:10:14 hh:mm:ss
» Tiempo minima del grupo: 0:45:5 hh:mm:ss
» Tiempo maxima del grupo: 1:38:3 hh:mm:ss

Tiempo en minutos

» Distrifucion por edades

» Distrifucién por programas académicos

(a) (c)

Figure 6-3. PADA interface: Tab of overview analytics

Reading difficulties (see a in Figure 6-4) refers to reading profile of the
participant students. The tab visualizes (1) the previous diagnosis of learning
disabilities, (2) the number of learning difficulties in reading, writing and math
reported by the students, (3) the number of associated difficulties with reading
(i.e. language, memory, motivation, perception, attention, and spatial-temporal)
reported by the students, and (4) the reading and writing habits reported by the
students. Figure 6-4 (see b) shows results of the reading (left) and writing (right)
habits by the single student while Figure 6-4 (see c) illustrates feedback provided
to the student. Figure 6-5 (see a) displays results of the difficulties in reading,
writing and math by the single student, peers and class while Figure 6-5 (see b)
shows a summary by the single student. Figure 6-5 (see c) reports a summary of
results of the associated difficulties with reading by the single student.

Learning styles (see a in Figure 6-6) refers to ways in which participant students
prefer to learn. The tab visualizes the major preferences of these students. Figure
6-6 (see b) shows result for a single student with learning style: active, sensory,
visual and sequential. Figure 6-6 (see c) displays feedback provided to the
student.




Assistance of University Students with Reading Difficulties

! 1
L Informacién general :J- Dificultades lectoras h Estilo de aprendiz:

aje Procesos cognitivos

» Diagnésticos previos de dificultades de aprendizaje
» Andlisis de las preguntas sobre dificultades en lectura, escritura y

» Andlisis de la preguntas sobre dificultades en procesos cognitivos

(b)

—7

matematicas

asociados con la lectura

v Andlisis de las preguntas sobrebshabjtgs lectores y escritores

-
S

= -

(c)

I Hibitos lectores
B No hibitos lectores

- , N
(\Hébitosl No habitos lectores )‘ ¢ Habitos/No habitos escritores\’
e e T Mg R

-~

-

I Hibitos escritores
B Mo hibitos escritores

(*) Hemos detectado que
mejorar tus habilidades lect

pras.

(*) Hemos detectado que ry
la presencia de dificultades |

ectoras.

llevas a cabo algunas actividades relacionadas con la lectura, lo cual puede contribuir a

o llevas a cabo actividades relacionadas con la escritura, lo cual puede ser consecuencia de

(a)

Figure 6-4. PADA interface: Tab of reading difficulties analytics
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Figure 6-5. PADA interface: Analytics with summaries of reading and associated
difficulties

¢ Cognitive processes (see Figure 6-7) refer to processes associated with reading that
were assessed. The tab visualizes (a) the results for each assessment task, (b) the
percentages of successes/errors for each assessment task, (c) the result for cognitive
process, and (d) the percentages of success/errors for each cognitive process. Figure
6-7 (see a) shows results of the difficulties in the assessment task of phonological
processing. Figure 6-7 (see b) illustrates results of successes/errors for the assessment
task “Segmentation into Syllables” (Mejia, Diaz, Jiménez, et al., 2012). Figure 6-7 (see
c) reports results for the cognitive processes by single student.
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Figure 6-7. PADA interface: Tab of cognitive processes analytics

6.2.3 Case study

The concern is whether students would find PADA useful to detect their reading
difficulties and their implications for learning and cognition. More specifically, this study
was based on answering the following questions:
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e Could students view their student model?

e Could students understand that model?

¢ Did students agree with the visualizations presented in that model?

o Were students aware on their difficulties, learning styles and cognitive deficits?
e Could PADA support students to perform self-regulated learning?

e Were learning analytics useful for students?

6.2.3.1 Method

6.2.3.1.1 Participants

Participants were 26 students (11 male and 15 female), with ages ranging from 21 to 53
years (M=27.538, SD=6.848) and coming from 15 classrooms of different programs and
levels (undergraduate and graduate) at the University of Girona. All these students
previously completed ADDA and they were selected because had a Profile A: students
with symptoms of dyslexia (see Section 4.4.3). Eight students had a previous diagnosis of
dyslexia, i.e., they had been formally diagnosed with dyslexia during their primary or
secondary schooling, through an official psychoassessment procedure. Students were
recruited by the coordinators of the faculties and/or schools through e-mail and website
announcements. However, most dyslexic students were recruited in collaboration with
the Program to Support People with Disabilities of the University of Girona. Students took part
in an individual session that lasted an average of 60 minutes. Seven of them needed an
average of two sessions to complete the tests without feeling tired.

6.2.3.1.2 Instruments

The case study was conducted in a computer lab using a Windows desktop computer
equipped with a screen, a keyboard, a mouse, headphones, microphone, and Internet
connection. Other software requirements were installing Java and an appropriate version
of the Firefox web browser.

To carry out the case study all the web-based tools presented in previous sections
were required (i.e., 1. Demographics data forms, 2. ADDA, 3. ADEA, and 4. BEDA). After
all data were collected, PADA tool was enabled and became operational for participants.
To gather participants' feedback about whether PADA could assist them in
understanding their learner models and could be useful to identify reading difficulties,
learning styles and cognitive deficits, author provided them with an online survey.

As shown in Table 6-1, the survey consisted of 37 statements as follows. One question
to inquire whether participants have previous diagnosis of dyslexia (“yes’ or ‘no’). Eight 5-
point Likert scale questions to inquire about navigation, and understanding of the
visualizations were presented in each tab of PADA (I = never’ to '5 = always’). Nine 5-
point Likert scale questions inquired about the agreement or disagreement with the
contents of the learner model in term of reading difficulties, learning style and cognitive
deficits detected (‘1 = strongly disagree’ to ‘5 = strongly agree’). Seven 5-point Likert
questions inquired about the awareness and self-regulation that can support PADA ('1 =
never’ to ‘5 = always’). There were three open-end questions to clarify the moments
reported by students regarding awareness of difficulties, learning styles and cognitive
deficits. Four open-end questions accompanied each of the awareness questions to
inquire about more visualizations which could improve the experience with PADA. Four
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5-point Likert questions inquired about PADA's big-picture usefulness (‘1 = never’ to '5 =
always’). One rank order scale question to inquire about the opinion on the type of
recommendations that the participants would prefer to receive. Finally, one open-ended
question gave the opportunity for additional comments.

Table 6-1. Overview of PADA survey case study

Descriptive information

DES.1. Have you been diagnosed with dyslexia?

Navigation

A.l.to A4. Did you check graphical and textual visualizations in... Tab 1?, Tab 2?, Tab 3, Tab 4?

Understanding

B.1.to B4. Was it easy for you to understand the meaning of the visualizations displayed on... Tab 1?, Tab 2?,
Tab 3?, Tab 4?

Inspection

C1L Do you agree with the visualizations about your reading difficulties?

c2. Do you agree with the visualizations about your associated difficulties (i.e., languages, memory,
etc.)?

C3. Do you agree with the visualizations about your reading habits?

C4. Do you agree with the visualizations about your writing habits?

C5. Do you agree with the visualizations about your learning style?

C.é. Do you agree with the visualizations about your successes/errors in each cognitive assessment
task?

Cc7. Do you agree with the visualizations about your successes/errors in each cognitive process?

cs. Do you agree with the visualizations about your results in the cognitive assessment tasks?

Co. Do you agree with the visualizations about your cognitive deficits?

Awareness

D.1. Was it possible for you to be aware about your reading difficulties?

D.1.* The former was possible by means of...

D.2. Was it possible for you to be aware about your learning style?

D.2* The former was possible by means of...

D.3. Was it possible for you to be aware about your cognitive deficits?

D.3.* The former was possible by means of ...

D4. Was it helpful for your awareness process to view your learning analytics versus the performance
of others (i.e., “peers” and “class”?

D.5. Did you learn more about your difficulties than you knew previously?

D.6. to D.9. What other visualizations do you think could improve your experience in... Tab 1?, Tab 2?,Tab 3?,
Tab 4?

Self-regulation

E.1 Do you think that PADA can help you in reflecting and making decisions to self-regulate your
learning process?

Usefulness

F.1. Was it useful for you to check the visualizations in multiple views (i.e., graphical and textual)?

F.2. Did the presented learning analytics provide feedback on your reading performance?

E.3. Do you think PADA helps to recognize strengths and weaknesses in your reading process you
could use to improve your academic performance?

F.4. Did you find all the visualizations you expected?

Recommendations

REC.1. Finally, if you could have a recommender system in PADA, what kind of recommender do you

prefer? ‘1 - advices recommended by dyslexia-affected peers’, ‘2 - activities/tasks recommended by
expert’, ‘3 - exercises, games, and other resources recommended by experts’.
Comments

COM.1. Please, if you have more comments about your experience with PADA ...

Note. Tab 1=tab of overview; Tab 2=Tab of reading difficulties; Tab 3=Tab of learning styles; Tab 4=tab of cognitive
processes.
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6.2.3.1.3 Procedure

Prior to the case study, PADA was studied to evaluate the functionality and usability
with a pilot group of students from the University of Girona. Once PADA was improved
based on the findings of the pilot group, it was given to the participants of this case
study. The present study focused on the use of PADA for visualizing and inspecting
student models. Participants were given an explanation of the web-based tools so as they
could familiarize themselves with them, before commencing their sessions. Once the
participants started a session, firstly, they could register their personal details
information. Then, they were asked to enter ADDA and fill in the self-report
questionnaire in order to detect reading difficulties. Afterwards, they were asked to
access ADEA to fill in the self-report questionnaire for detecting their learning styles.
Subsequently, they completed all tasks of BEDA which evaluates their cognitive
processes associated with reading. Thereafter, they were asked to enter PADA and
navigate the entire tool. Finally, when participants had browsed through PADA, the
teacher gave them access to the online survey.

During the process, participants were accompanied by one teacher with experience in
using all tools. To complete this survey, they were left alone in order to not bias the
responses. Approximately, this survey takes 10 to 20 minutes to complete.

6.2.3.2 Results

This study allows evaluating participants’ opinions of the support for activity and
performance analytics (i.e., visualizations) provided by PADA. These results presume to
give a possible answer to the research questions defined for this study.

From the navigation category, the results indicated that all 26 participants navigated
through the different tabs and visualizations presented in the graphical user interface of
PADA. In terms of understanding, 84.6% of the participants always (53.8%) and almost
always (30.8%) understood the meaning of the visualizations shown in the tab of
overview (question B.1.). 96.1% of the participants always (53.8%) or almost always
(42.3%) understood the visualizations in tab of reading difficulties (question B.2.). 80.8%
of the participants always understood the visualizations in tab of learning styles
(question B.3.), while the remaining 19.2% of them almost always understood. Regarding
the tab of cognitive processes (question B.4.), 69.3% of participants always (30.8%) and
almost always (38.5%) understood the visualizations presented, while 30.8% sometimes
and 3.8% almost never understood them. A multivariate analysis of variance with the
independent variable of dyslexia (dyslexic or possible-dyslexic, i.e., those with symptoms
of dyslexia) and the four dependent variables of understanding visualizations (overview,
reading difficulties, learning styles, cognitive processes) was statistically significant
(Roy’s largest root=1.01, F(4, 21)=5.31, p=0.004). However, a multivariate analysis of
variance with the independent variable of gender (female or male) and the four
dependent variables of understanding visualizations was not significant (Roy’s largest
root=0.33, F(4, 21)=1.71, p=0.18).

With regard to the remaining categories (i.e., inspection, awareness, self-regulation,
and usefulness), it present the results considering separated groups of participants in
students with diagnosis of dyslexia and students with symptoms of dyslexia (i.e.,
dyslexic and possible-dyslexic, respectively). This is because participants with previous
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diagnosis of dyslexia may be familiar with similar tools, since they could have received
training, they could have a clear picture of their particular difficulties, and/or they could
have adopted effective compensatory strategies to overcome their difficulties, which
could provide us different perspectives on the visualizations of PADA.

In the inspection category, participants indicated being agreed or disagreed with the
visualizations of the student model. As shown in Table 6-2, in general, participants
strongly agreed or agreed with the visualizations presented (questions C.1. to C.9.), a
small percentage of them were indifferent to these visualizations (questions C.2., C.3,,
C4., Co.,, C7. and C8.) and an insignificant percentage were disagreeing or strongly
disagreeing with them. It is highlights that the visualizations of learning style (question
C.5.), all participants strongly agreed or agreed with them.

Table 6-2. Results of inspection category

Responses (n=26) Possible-dyslexic (n=18)| Dyslexic (n=8)
Strongly Disagree ‘ Indifferent Agree Strongly
disagree Agree
C1. 0 2 0 12 12 4.44 0.784 4.00 0.926
C2. 0 1 3 11 11 4.28 0.752 4.13 0.991
C3. 0 0 3 14 9 4.22 0.732 4.25 0.463
C4. 0 2 4 11 9 3.94 1.056 4.25 0.463
Cb5. 0 0 0 9 17 4.78 0.428 4.38 0.518
Co6. 0 1 3 16 6 4.11 0.832 3.88 0.354
C7. 0 2 3 13 8 4.11 1.023 3.88 0.354
C8. 0 2 3 14 7 4.17 0.857 3.63 0.744
C9. 1 1 0 17 7 4.28 0.752 3.63 1.061

According to the analysis of mean (M) and standard deviations (SD) in Table 6-2, the
dyslexic participants not revealed significant differences in questions C.1. to C.7.
compared to their peers with symptoms of dyslexia. However, in questions C.8. and C.9.
some differences were showed. Table 6-3 summarizes these differences. Multivariate
analyses of variance of the nine dependent variables of inspection (reading difficulties,
associated difficulties, reading habits, writing habits, learning style, cognitive assessment
task, cognitive process, results, and cognitive deficits) was insignificant for both the
independent variable of dyslexia (Roy’s largest root=1.03, F(9, 15)=1.71, p=0.17) and
gender ( Roy’s largest root=0.76, F(9, 15)=1.27, p=0.32).

Table 6-3. C.8. and C.9 responses* diagnosis

C.8. C.9.
Possible-dyslexic (n=18) Dyslexic (n=8) Possible-dyslexic (n=18) Dyslexic (n=8)
Strongly disagree 0 0 0 1 (12.5%)
Disagree 1(5.5%) 1(12.5%) 1(5.5%) 0
Indifferent 2 (11.1%) 1(12.5%) 0 0
Agree 8 (44.4%) 6 (75%) 10 (55.5%) 7 (87.5%)
Strongly agree 7 (39%) 0 7 (39%) 0

Table 6-4 shows the findings in the awareness category that participants could achieve
by interacting with PADA. Although most participants always (42.3%) or almost always
(26.9%) indicated that they were able to be aware of their reading difficulties (question
D.1.), it is worth noting that 28% of them indicated that sometimes (19.2%), almost never
(7.7%) or never (3.8%) achieved such awareness. Regarding the visualizations of learning
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style (question D.2.), author found that almost all participants achieved the awareness.
For visualizations of cognitive processes (question D.3.), 77% of the participants indicated
they achieved be aware of their cognitive deficits, while 23% indicated that they did it
only sometimes (3.8%), almost never (11.5%) or never (7.7%).

Table 6-4. Results of awareness category

Question Responses (n=26) Possible-dyslexic (n=18) | Dyslexic (n=8)
Almost Sometimes Almost Always
never always
D.1. 1(3.8%) 2(7.7%) 5(19.2%) 7(26.9%) 11 (42.3%) 4.00 1.237 3.88 0.991
D.2. 0 0 2(7.7%) 5(19.2%) 19 (73.1%) 4.72 0.575 450 0.756
D.3. 2(7.7%) 3 (11.5%) 1(3.8%) 12(46.2%) 8 (30.8%) 3.78 1.263 3.88 1.246
D.4. 0 3(11.5%) 6(23.1%) 4 (154%) 13 (50%) 4.11 1.231 3.88 0.835
D.5. 0 2(77%) 4(154%) 12(462%) 8(30.8%)  4.22 0808 | 350 0.926

Comparing possible-dyslexic and dyslexic students in Table 6-4, author did not find
significant differences for these two groups in the aforementioned questions (D.1. to
D.3.). However, analyzing questions about peer or group comparison (question D.4.) and
increased knowledge of difficulties (question D.5.) revealed some differences. In question
D.4. (possible-dyslexic M=4.11, SD=1.231; dyslexic M=3.88, SD=0.835) and question D.5.
(possible-dyslexic M=4.22, SD=0.808; dyslexic M=3.50, SD=0.926). Therefore, it was
presented cross-tabulation results between having or not a previous diagnosis and both
questions (D.4. and D.5.) so as to understand better the distribution of responses in each
case (see Table 6-5).

Table 6-5. D.4. and D.5. responses* diagnosis

DA4. D.5.
Possible-dyslexic (n=18) Dyslexic (n=8) Possible-dyslexic (n=18) Dyslexic (n=8)
Never 0 0 0 0
Almost never 3 (16.7%) 0 1 (5.5%) 1 (12.5%)
Sometimes 3 (16.7%) 3(37.5%) 1 (5.5%) 3 (37.5%)
Almost always 1 (5.5%) 3 (37.5.%) 9 (50%) 3 (37.5%)
Always 11 (61.1%) 2 (25%) 7 (39%) 1 (12.5%)

A multivariate analysis of variance with the independent variable of dyslexia
(dyslexic or possible-dyslexic) and the five dependent variables of awareness (reading
difficulties, learning styles, cognitive deficits, peer or group comparison, and increased
knowledge) did not yield statistically significant results (Roy’s largest root=0.40, F(5,
19)=1.52, p=0.23). Similarly, a multivariate analysis of variance with the independent
variable of gender (female or male) and the five dependent variables of awareness was
also not significant (Roy’s largest root=0.10, F(5, 19)=0.39, p=0.84).

The comments in Table 6-6 illustrate some of the opinions given by participants for
improving their experience with each tab of PADA (questions D.6. to D.9.). Several
comments were repeated, and some participants included comments on performance and
usability of PADA, which not been included in this table.
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Table 6-6. Summary of highlighted student’s comments regarding awareness category

1. Overview

I think that the overview tab was much appropriated.

The spent time comparison could have a “zoom option” to view better where I am located with regards to my
group.

I found it hard to understand the distribution of academic programs analytic.

I would like viewing information about gender of my peers.

I would like viewing an analytic of the place of origin of my peers.

I think that the tab has more information than the one I would need to know.

2. Reading difficulties

I would like to find more details of my particular difficulties.

I think it is necessary to add the meaning of the difficulties associated with reading.

It would be interesting to know what difficulties I do not have.

I think a comparison chart with all difficulties you are measuring will be helpful.

I want to know how to deal with my particular difficulties.

I would like to know the causes for the difficulties presented.

It would be useful to know how these difficulties are manifest in "cognitive processes".
What learning methods could we use? and What teaching methods could teacher use?

3. Learning styles

I think that these analytics were much appropriated.

I'would like to find more details of the presented classification.

It would be interesting some analytics by faculties and gender.

I think that could be presented a comparison between my analytics and my peers’ analytics.

It is very interesting information that can be used by teachers to design activities and resources of their courses.
I want to know other learning methods that people with the same difficulties are using positively.

4. Cognitive processes

I think it is necessary to add the meaning of each task assessment and each cognitive process.

I would like to find more details about my cognitive deficits.

I think that a comparison between my analytics and my peers’ analytics could be interesting.

It would be interesting to know how scalar scores were obtained, which define the presence or absence of
cognitive deficits.

I would like advice on what I can do to improve the processes affected.

I would like to know the causes of my cognitive deficits.

It would be worth to add graphics that include the variable time, i.e. I think it is important to know how long it
takes you to read/write something and compare this value with my peers’.

The self-requlation evaluation that can support PADA was represented in the E.1.
question. It was found that 61.5% of the participants always (11.5%) or almost always
(50%) took conscientious that PADA could encourage self-regulation in the learning
process, 30.8% indicated that only sometimes could it, while 7.6% indicated that almost
never or never could it. A univariate analysis of variance with the independent variable
of dyslexia and the dependent variable of self-regulation was not significant (F (1,
23)=0.03, p=0.85) and neither were there any significant differences with respect to gender
(F (1, 23)=0.14, p=0.71)

In relation to the usefulness of PADA (see Table 6-7), participants reacted positively to
the idea of multiple views (question F.1.), with 88.5% always and 11.5% almost always
useful as response. Also, they were positive about how easily they could recognize the
strengths and weaknesses of their reading process using PADA (question F.2.), with
23.1% always, 50% almost always and 23.1% sometimes useful as response. But, they
were not so positive about the use of PADA to improve their academic performance
(question F.3.), since 23.1% of participants almost never found it useful. However,
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participants indicated that PADA showed the visualizations that they expected to find
(question F.4.).

Table 6-7. Results of usefulness category

Question Responses (n=26) Possible-dyslexic (n=18) | Dyslexic (n=8)
Never = Almost Sometimes Almost = Always
never always
F.1. 0 0 0 3(11.5%) 23(88.5%)  4.94 0.236 475 0.463
F.2. 1 (3.8%) 0 6(23.1%) 13(50%) 6 (23.1%) 3.94 1.056 3.75 0.463
F.3. 0 6(23.1%) 5(192%) 8(30.8%) 7(26.9%) 3.72 1.274 3.38 0.744
F.4. 0 0 5(19.2%) 16(61.5%) 5 (19.2%) 4.22 0.548 350 0.535

Comparing the responses of dyslexic participants and those with symptoms of
dyslexia (possible-dyslexic), author only found a significant difference in question F.4.
(possible-dyslexic M=4.22, SD=0.548; dyslexic M=3.50, SD=0.535). Table 6-8 presents the
cross-tabulation results between these two groups of participants and question F.4. A
multivariate analysis of variance with the independent variable of dyslexia (dyslexic or
possible-dyslexic) and the four dependent variables of usefulness (multiple views,
reading performance feedback, reading process evaluation, and expected visualizations)
was statistically significant (Roy’s largest root=0.58, F(4, 20)=2.87, p=0.05). However, a
multivariate analysis of variance with the independent variable of gender (female or
male) and the four dependent variables of usefulness was not significant (Roy’s largest
root=0.17, F(4, 20)=0.83, p=0.52).

Table 6-8. F.4. responses* diagnosis

F4.
Possible-dyslexic (n=18) Dyslexic (n=8)
Never 0 0
Almost never 0 0
Sometimes 1 (5.5%) 4 (50%)
Almost always 12 (66.7%) 4 (50%)
Always 5 (27.8%) 0

Concerning the rank order question, participants organized three options of
recommender systems from most to least important to them. In Table 6-9, the "votes" of
participants for the three options were showed. Option R2 is the most preferred by
participants (15 of 26; 57.7%). Option R3 is the second, which was selected by 7
participants (26.9%). While option R1 is the less preferred, since only 4 participants
(15.4%) reported they preferred this option.

Table 6-9. Recommendation preferences

Order Options
R1 R2 R3
1 4 (15.4%) 15 (57.7%) 7 (26.9%)
2 7 (26.9%) 10 (38.5%) 9 (34.6%)
3 15 (57.7%) 1 (3.8%) 10 (38.5%)

Finally, some additional comments made by participants suggest their interest in
PADA and willingness to contribute to its improvement:

e "It is a very useful tool - it helped me to reflect on the difficulties I have; it was
good to learn about my learning style to reinforce my strategies for studying. I
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think the cognitive processes analytics are fine, but I missed more feedback on
them."

e "It is very gratifying to see the results both textual and visual, since the reports I
used to receive they are all textual and also hard to understand."

e "It would be interesting to have available a tutorial explaining the issues
addressed by PADA which includes: symptoms, causes and solutions, cognitive
processes, and so on."

e '"I'would appreciate to see some recommendations for dealing with my difficulties
and strengthening my abilities."

e "I never had the opportunity to know such information, and I think that can be
very helpful to improve my studying habits. I also believe that this information
can be very useful for our teachers."

e “I think PADA may show more information. I spent almost 2 hours completing

questionnaires and doing exercises. I would like to see more details of what I
did.”

6.2.3.3 Discussion

The main focus of this study was assessing the usefulness of PADA in term of assisting
university students with dyslexia and/or reading difficulties to achieve awareness, so
that, reflection and self-regulation could be facilitated during their learning process.
Findings of previous studies of (Goldberg et al., 2003; Raskind et al., 1999; Reiff et al.,
1994; Werner, 1993) revealed that awareness is a powerful predictor for their academic
success. In this regard, a survey was created which explores PADA's aspects such as
navigation, understanding, and inspection capabilities. In particular, the survey
investigated awareness, as well as, support for reflection and self-regulation which
PADA sought to provide. Finally, overall usefulness of PADA was assessed.

According to the navigation results, the PADA tool is found to be well implemented.
Students reported viewing their entire learner model by browsing through all the tabs of
PADA and checking different graphical and textual visualizations. They also commented
that PADA adequately respond to their navigation pace, it was friendly and intuitive,
and it graphical user interface was suitable.

On the other hand, although students reported that it was easy to understand the
different visualizations displayed, they also commented that it took them quite some
time, mainly those related to cognitive processes. It is believe this could be due to two
factors (1) there are many visualizations in this tab which makes students take longer to
understand, and (2) the cognitive process concept is new for students which makes it
difficult for quick comprehension. Furthermore, multivariate analysis showed significant
differences between dyslexics and students with symptoms of dyslexia. Surprisingly,
dyslexic students found it a little more difficult to understand the meaning of the
cognitive processes visualizations. It was expected that these students with previous
diagnosis were more familiar with this concept. At this point, it is worth noting that
dyslexia definitions and diagnostic criteria have changed since these students were first
identified during childhood.

Regarding the inspection, overall, students were rather agreeing with the visualizations
presented. This could indicate that PADA is reliable, though this claim may require
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further analysis of the system's confidence as presented by Bull & Pain (1995) and
Mabbott & Bull (2006). However, it is worth noting that a slightly significant percentage
of students were “indifferent” and “disagreed” with the visualizations of reading and
writing habits. It is assuming that students who were "indifferent” might not have
understood the visualizations presented, while students "agreed" or "disagreed" had
understood the visualizations. Accordingly, it was expected that the inspection of the
student model would lead to awareness and subsequent reflection and self-regulation.
On the other hand, multivariate analyses were insignificant between dyslexics and
students with symptoms of dyslexia, but analysis showed slight differences in
visualization of cognitive processes. Some dyslexic students expected greater cognitive
deficits than those presented in PADA.

In relation to awareness, although most students reported having reached awareness, a
slight percentage reported not having succeeded with a few visualizations of reading
difficulties and cognitive processes. On the one hand, it was assumed that the positive
perceptions of most of the students are due to the novelty of incorporating the cognitive
processes concept across students' learning process. On the other hand, it was observed
that both dyslexics and students with symptoms of dyslexia require more feedback on
the visualizations presented to increase their awareness. In order to understand better
why the slight percentage of students did not increase their awareness, it was highlighted
some of their comments: “I need more feedback to understand the difficulties presented and be
aware of them”, “I've had dyslexia for years. So, I know what my particular reading difficulties
are. Then, I didn't have an increased awareness”, “I enjoyed the visualizations presented, but it’s
not clear the meaning of each cognitive processes”, “I do not quite understand the percentages that
it shows to me”. In addition, from the comments it was identified that some dyslexic
students did not increase their awareness because they already knew their particular
difficulties since childhood. This would indicate that the visualizations of reading
difficulties increase more awareness among students with symptoms of dyslexia. This
was also supported by peer or group comparisons which are presented in these
visualizations, as well as the acceptance of these students to increase knowledge of their
difficulties.

Similarly, the results on self-regulation showed that PADA can provide successful
mechanisms to encourage student independence in overcoming their difficulties during
the learning process.

Although the results of usefulness category were generally positive, i.e., students were
satisfied about multiple views, reading performance feedback, and expected
visualizations, these results were not so positive in recognizing the strengths and
weaknesses in reading. Again, it confirmed the need to include more feedback on the
visualizations presented. Furthermore, multivariate analysis showed significant
differences between dyslexics and students with symptoms of dyslexia, particularly
because dyslexic students expected more visualizations of their model. Emerging
research findings indicate relationships between emotional, notational, and social aspects
of learning analytics. These aspects could be considered in the usefulness evaluation of
PADA's visualizations. For example, studies of (Vatrapu, Reimann, Johnson, & Bull,
2013) show that the traffic lights representations followed by smile notations have high
emotional activation in students, because of their general socio-cultural availability and
quick comprehension. In (S. Bull & Kay, 2007), the notations and social aspects also are
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studied in order to increase the interest of the students in their learner models. Further,
in (S. Bull & Britland, 2007) , authors note that release of model fragments to peers could
help to find suitable collaborators peers with common difficulties. Additionally,
facilitating collaboration between partners can improve understanding of themselves and
each other by gaining information from their respective learner model. Here, it is worth
noting that visualizations could play a role in guiding collaborative learning by
amplifying certain kind of social interactions (Scheuer, Loll, Pinkwart, & McLaren, 2010;
Suthers, Vatrapu, Medina, Joseph, & Dwyer, 2008).

Regarding students’ gender, there were no significant differences between female and
male students in any of the aspects evaluated (i.e., navigation, understanding, inspection,
awareness, self-regulation, and usefulness). This is a topic of interest since previous
studies have often reported a higher rate of difficulties for males than females (Allred,
1990; Newman et al.,, 1993; Snowling, 2000), as well as differences in the particular
difficulties presented by males and females, and the specific assistance that they require
(Heyman, Swain, & Gillman, 2004; Rojewski, 1999). For instance, regarding attitude to
technology, males generally are performing better in learning conditions which included
visual resources, while females perform better with the traditional text-based resources
(Holzinger, Kickmeierrust, Wassertheurer, & Hessinger, 2009).

Finally, over 100 comments were made by students. It was surprising that students
made comments as the open-ended question was not mandatory. They made comments
to clarify some answers, they suggested more visualizations to improve their experience,
and they made comments that contribute to the overall enrichment of PADA. All in all,
based on the empirical case study results, it is believed that PADA was well received, and
it could be used to facilitate the learning process of students with dyslexia and/or reading
difficulties.

Nevertheless, the findings of this study need to be viewed in light of some limitations.
First, PADA is a tool to visualize the presence of reading difficulties or subjective
symptoms implying dyslexia, the learning styles, and the presence of cognitive deficits,
as well as to provide feedback. However, this feedback is still limited, so this may lead to
the creation of specific and necessary recommendations to support reflection and self-
regulation of difficulties and learning process. In addition, the students also offered some
suggestions for improvement of the dashboard with new functionalities such as extend
visualizations, giving more detail feedback on, and creating a tutorial. Moreover, PADA
displayed visualizations for each of the tools that collect data (namely demographic data
forms, ADDA, ADEA, and BEDA), but it does not create aggregators that combine data
between tools. Further research is proposed to analyze the influence between data
collected in order to improve the assistance. Finally, future work includes the execution
of additional experiments with more dyslexic students, so as to evaluate the feedback
provided by them about the effectiveness of the dashboard compared with the feedback
of students with symptoms of dyslexia (i.e. have a balanced group of dyslexic and
participants with symptoms of dyslexia). It is also believed that using PADA in a LMS
can be useful in terms of improving the student’s academic performance in general and
this need to empirically investigated.
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6.3 RADA: Recommender of Activities for Dyslexia in Adults

As mentioned before, to support the reflection and self-regulation processes in the
students with their reading difficulties and learning, the creation of recommendations
(i.e, hints, feedback, scaffold guidance and/or advices) is necessary. Thus, once the
learning analytics are built (see Section 6.2), the provision of recommendations that
complement such analytics could be achieved. Taking into consideration students’
suggestions in the case study of PADA (see Section 6.2.3), a recommender system of
learning activities provided by expert psychologist could be implemented. Thus, in this
dissertation a first scope of this recommender was implemented.

Basically, RADA consists of a repository (i.e., database) of specialized
recommendations of learning activities and an adaptation engine with the rules that
evaluate whether recommendations can be delivered when a student presents a deficit in
cognitive processes. RADA helps to mitigate the cognitive deficits detected in the
students in order to improve their academic performance. The recommendations were
created in collaboration with expert researchers and practitioners in dyslexia from
University of La Laguna (Spain) and University of Las Palmas de Gran Canaria (Spain).

As first approach, RADA contains 36 recommendations to support the 6 cognitive
processes assessed, i.e., by the moment, the repository was implemented based on the tab
of cognitive processes of PADA. RADA stores these recommendations in both audio and
text, and they can be delivered to students through PADA depending on their obtained
scores and the cognitive difficulty level (none, slight, moderate or severe) presented.
Further research is necessary to considering the remaining tabs (i.e., overview, reading
difficulties, and learning style) and their combinations.

These recommendations are provided as assistance for students so that they can
decide when to practice and thus self-regulate their training on cognitive processes
involved in reading. It is stated that the provided recommendations do not substitute an
intervention program. Below, some examples of recommendations stored at RADA are:

e Example of recommendation for training Phonological processing:

Construct familiar words from the first syllable of another word. For example:
“casa” (ca-sa). The first syllable is "ca", so look for words that begin with "ca",
such as: “camisa” (ca-mi-sa), “capa” (ca-pa). Do not forget that the exercise
consists in finding words that begin with the same syllable, so that words like
"carpeta"” (car-pe-ta) would not be valid, since the first syllable of “carpeta” is

" "

car'.
e Example of recommendation for training Orthographic processing:

When writing use spelling check programs, such as freeware programs or
Microsoft Word if you have access to this. Notice the words that the editor
marks as incorrect (which are underlined in red) and write them down in a
notebook in order to create a list of words with which to practice.

e Example of recommendation for training Lexical access:

Measure the time, i.e., write the time that takes you to read lists of words or
paragraphs, so as to see how reading speed increase or decreases. In case of
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reeading wrongly you should begin form the start and measure the time
again.

e Example of recommendation for training Speed processing:

Use video games involving your quick reaction and action. For example, the
game “Tetris” or games in which have time limits for completing a task.

e Example of recommendation for training Working memory:

Say a word, then say that word again plus one more word, and so on. Keep
adding new words to the list and repeat them from the first word in the same
order until you do not remember any.

e Example of recommendation for training Semantic processing:

While you are reading, try to mentally put titles to each read paragraph. This
will help you to get an overview and easy to remember each paragraph you
read. If you think that reaching the end you will not remember reading your
titles or general ideas, then you can write them down in the margin of
paragraphs or in a notebook.

6.3.1 Architecture and implementation

The main objective of RADA is to enable the creation and delivery of specialized
recommendations of learning activities for university students with deficits in any
cognitive processes (i.e., phonological processing, orthographic processing, working
memory, lexical access, processing speed, and semantic processing).

The architecture of RADA is modular to facilitate interaction between the different
modules in relation to the user who uses them. For each type of user a different interface
is presented depending on the permissions and tasks that can be developed. In the
architecture it is specified the behavior of the tool, summarizing both the components
and the relationships. In Figure 6-8 the components comprising the architecture are
shown: 1) the expert module, 2) the teacher module, 3) the student module, 4) a web server that
stores the modules and allows communication between users and the repository by
means of a browser and 5) a database where the data from the recommendations and
scales can be stored.

RADA

v'Create/edit scales
Expert module = ¥ Create/edit recommendation
v"View recommendation

server Expert
............. (Apache) .
= 1
Teacher module |[— ¥ View recommendation

Teacher

Database Student module = ¥View recommendation |

(Postgres)

Student

Figure 6-8. RADA’s architecture
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As shown in Figure 6-8, RADA can define three types of users: Experts, or users
responsible for performing tasks related to the definition of the guidelines to present the
recommendations (i.e., scales), the provision of recommendations, and the checking of
the created recommendations; Teachers, or users responsible for viewing the
recommendations given by experts for each student with cognitive deficits; and Students,
or users that view their recommendations.

RADA was implemented with standard technology: Apache Web Server (version 2.0)
which has support for PHP scripting language (version 5.2.6) and the relational database
management Postgres (version 8.3.9), all installed on a Linux Operating System server
(specifically Ubuntu 9.04, with kernel version 2.6.28).

During the implementation phase of the RADA, the different modules separately
were tested. These tests revealed the need for changes in interface design and
programming to achieve a better tool performance. The types of tests used were:
connection to the database, requirements, inspection software/programming and
functional testing of the different parts (such as adding/changing/deleting
recommendations or adding/changing scales).

In next section, a case study with 20 students from the University of Girona and
University of Cordoba is presented in order to test the functionality and usability of
RADA. More than 5 students were asked to carry out this case study, because according
to Nielsen (2000), Spool and Schroeder (2001), and Virzi (1992), the functionality and
usability tests with at least 5 students provide the most information about the problems
presented by the tools.

6.3.2 Case study

The aim of this case study was to evaluate the functionality of RADA and to check the
comprehensibility of the recommendations, thus, two questions were drawn: Q1. Did you
check recommendations (textual and auditory) when entering RADA? and Q2. Was it
easy to understand the recommendations displayed in RADA?

6.3.2.1 Method

Ten students from the University of Girona (Spain) and 10 students from the University
of Cordoba (Colombia) participated in the case study. For these samples both male and
female students from engineering programs, aged between 22 and 27 (M=24.58,
SD=2.193), were selected. Whether or not the student had dyslexia was not taken into
account, because the aim of this case study was to evaluate the functionality of RADA
and the comprehensibility of the recommendations.

This case study was carried out during the execution of the case study with students
to test the functionality and the usability of the PIADA block (see Section 7.5.1). When
students have finished completing their demographics, ADDA, ADEA, BEDA, and
reviewing their learning analytics in PADA, they answered the two questions
aforementioned (i.e.,, Q1 and Q2). The students chose the most appropriate response on a
scale of 1-5 based on their perception.
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6.3.2.2 Results

With regard to the first question, i.e. Q1, the results indicated that all 20 participants
checked the different recommendations suggested by the experts. Furthermore, they
confirmed they could both hear and read the recommendations.

Concerning the understanding of the recommendation displayed, i.e. Q2, 35% of
participants always (30%) and almost always (5%) understood the recommendations
presented, while 40% sometimes, 20% almost never and 5% never understood them.

6.3.2.3 Discussion

The case study allowed us verifies the functionality of RADA after students completed
the information about demographics, self-questionnaires of ADDA and ADEA, as well as
the tasks of BEDA.

However, the case study also shown that the students did not understand some of the
recommendations well, which means that the recommendation have to be reviewed and
restructured by the expert psychologists.

Thus, once the recommendations are reviewed, it is believed RADA is prepared to be
used on a sample of university students with reading difficulties in order to analyze its
usefulness in terms of enabling students to know about strategies they could follow to
address their cognitive deficits. Furthermore, teachers may provide more appropriate
learning resources for students who are affected.

Nevertheless, the findings of this study need to be viewed in light of some limitations.
First, RADA is a tool to deliver recommendations, and it may deliver training activities
(i.e., tasks, excercises, games, etc.) to overcome the deficits. Second, RADA deliver
recommendations only for students with cognitive deficits, and it may deliver
recommendations for all students with reading difficulties. Finally, RADA requires the
execution of additional experiments, so as to evaluate the usability of the tool.

6.4 Summary

This chapter presented the definition of a dashboard of learning analytics of dyslexia
and/or reading difficulties in adults, called PADA (acronym for the Spanish name Panel
de Analiticas de Aprendizaje de Dislexia en Adultos), as well as a repository for storing and
delivering of recommendations to overcome such difficulties, called RADA (acronym for
the Spanish name Recomendador de Actividades para la Dislexia en Adultos). PADA is a
software tool designed to facilitate the creation of descriptive learning analytics required
for a better understanding of students about their learner model. Particularly, this novel
tool generates automatic learning analytics from the detection and assessment tools
presented previously in Chapter 4 and Chapter 5. RADA is a tool designed to store
recommendations of learning activities to overcome cognitive deficits presented by
students. The recommendations are created by experts and aimed at teachers and
students. With PADA and RADA, experts, teachers and students are involved in a new
approach support a better learning in higher education classes.

Through information visualization techniques, i.e. learning analytics, PADA shows
students the knowledge in their learner models in order to help them to increase their
awareness and to support reflection and self-regulation about their difficulties in reading.
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PADA shows visualizations about demographics, reading profiles, learning styles, and
cognitive traits of the students. Once these visualizations are presented, students can
access specialized recommendations provided by RADA necessary to support the
reflection and self-regulation processes.

PADA was tested in a case study with 26 students from the University of Girona,
dyslexic and possible-dyslexic. The results show that PADA can assist students in
creating awareness, and help them to understand their strengths and weaknesses
associated with the reading tasks, as well as facilitate reflection and self-regulation in the
learning process. Based on the results of this study it has been demonstrated that PADA
is a usefulness tool. It was verified its functionality and navigability. Students were
capable of understanding and inspecting their own student model through different
visualizations. More interestingly, PADA can assist students in creating awareness, as
well as facilitate reflection and self-regulation in the learning process.

On the other hand, RADA contains 36 recommendations to support the different
cognitive processes were assessed. These recommendations were created in collaboration
with expert researchers and practitioners in dyslexia. Examples of these
recommendations were described.

The functionality of RADA and the comprehensibility of the recommendations were
tested in a case study with 20 students from University of Girona and University of
Cordoba. The results allowed to verify the functionality of RADA, but showed that some
of the recommendations were difficult to understand.

In sum up, PADA and RADA are the first scope to provide a tool of assistance for
university students affected with dyslexia and/or particular reading difficulties. PADA is
based on the fundamentals of open user modeling and learning analytics. Particularly, its
architecture is based on activity-based learner-models technical framework. PADA
displayed visualizations of different tools previously implemented such as forms, ADDA,
ADEA, and BEDA. Additionally, PADA displayed specialized recommendations
extracted from RADA. Results of the case study shown that PADA is a usefulness tool,
however, it is necessary to continue this work to study this usefulness of RADA as well
as to test these tools with larger samples of dyslexics and students with symptoms of
dyslexia.

Future research may provide a clearer picture of the learning analytics for awareness,
reflection and self-regulation in the learning process among Spanish-speaking affected
students. There is, of course, a need to replicate these findings and to validate them in
other university contexts.







INTEGRATION OF THE FRAMEWORK WITH A LEARNING
MANAGEMENT SYSTEM

This chapter describes the integration of the proposed Framework presented in Chapter 3
(namely “Framework for Detection, Assessment and Assistance of University Students
with Dyslexia and/or Reading Difficulties”) with a Learning Management System (LMS).
To carry out this integration, three components were developed, as follows:

e A Framework’s Software Toolkit, cluster of external software tools for retrieving
and delivering the information processed in the Framework.

e An LMS’s module, through which it is accessed, displayed and used the
information of the Framework.

e A communication bridge, based on web services technology, so as to transfer the
information between the Framework’s Software Toolkit and the LMS’s module.

The integration enables the interaction between students with a LMS so as to provide
them with a familiar environment that supports detection, assessment and assistance of
reading difficulties related to dyslexia. The exemplary LMS used in this integration was
Moodle, mainly because it is the LMS used at the University of Girona, as well as other
universities that have contributed in the development of this research work.

This chapter is structured as follows: Section 7.1 shows a brief introduction and a
research question concerning to the work presented in this chapter. Section 7.2 explains
the Framework’s Software Toolkit, and Section 7.3 explains the Moodle’s used components.
Section 7.4 presents details of the architecture designed for the integration process.
Section 7.5 describes two conducted case studies to validate the integration. Participants
in one case study were students, and in the other were teachers. This chapter ends in
Section 7.6 with a summary of the chapter.

7.1 Introduction

Another novelty aspect of this dissertation is to consider into the context of a LMS the
inclusion of students with dislexia and/or reading difficulties. As mentioned in Chapter 2,
typically a LMS is able to manage characteristics of the students such as knowledge,
interests, preferences, goals, background, among others. One specific objective of this
dissertation is extending such scope to the characteristics of students with special needs
such as dyslexia.
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To achieve this objective, the integration of external tools developed for detection,

assessment and assistance of university students and/or reading difficulties with a LMS is
proposed. Initially, those tools were used independently of an LMS to deal with affected
students. Some of them were used in higher education institutions, but not all teachers

and experts manage to introduce them into their classrooms and consequently students

with re

cognized or unrecognized reading difficulties are not treated appropriately.

Basically, the research question to be answered is: How detection, assessment and

assista
questio

(0)-

(ii).
(iii).

nce can be provided to students in a LMS? To try giving an answer to this
n, three components were designed and developed, namely:

A Framework's Software Toolkit, cluster of external software tools for retrieving
and delivering the information processed in the Framework. These tools were
presented in previous chapters as follows: a set of forms to capture student
demographics in Section 4.2, a self-report questionnaire to detect dyslexia in
adults called ADDA in Section 4.4, a self-report questionnaire to detect learning
styles called ADEA in Section 4.5, a assessment battery of dyslexia in adults
called BEDA in Section 5.2, a dashboard of learning analytics of dyslexia in
adults called PADA in Section 6.2, and a recommender of activities for dyslexia
in adults called RADA in Section 6.3.

An LMS’s module to interact with the tools of the Framework's Software Toolkit.

A communication bridge between the Framework's Software Toolkit and the
LMS’s module, which its architecture is based on web services. As first approach,
the LMS used to implement the (ii) component was Moodle.

After presenting how the integration was achived by explaining each component,

results

of two conducted case studies are discussed.

7.2 The Framework’s Software Toolkit

In this
Chapte

section the developed software tools that make up the proposed framework (see
r 3) are presented as a toolkit, as well as the processes that they carried out and

designed databases (see Figure 7-1). The software tools are:

The set of forms to capture student demographics.

ADDA (acronym for Spanish name Autocuestionario de Deteccion de Dislexia en
Adultos).

ADEA (acronym for Spanish name Autocuestionario de Deteccién del Estilo de
Aprendizaje).

BEDA (acronym for the Spanish name Bateria de Evaluacién de Dislexia en Adultos).
PADA (acronym for the Spanish name Panel de Analiticas de Aprendizaje de Dislexia
en Adultos).

RADA (acronym for the Spanish name Recomendador de Actividades para la Dislexia
en Adultos).
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Figure 7-1. The framework’s software toolkit

These tools are independent of any educational software system. This software toolkit
is the materialisation of the main tools of the proposed framework in this dissertation,
and it combines the Learner Model and the Adaptation Engines for “Delivery personalized
learning analytics” and “Delivery personalized recommendations” .

The Framework’s Software Toolkit, as a set of tools, was built to perform a set of
processes that aim to provide educational stakeholders with suitable support for:

e Registering users and including information about their role, age, gender,
educational institution, faculty, academic program, etc. (Explained in Chapter 4).

e Detecting particular reading difficulties for identifying students’ reading profile
(Explained in Chapter 4).

e Detecting the learning style of students (Explained in Chapter 4).

e Assessing cognitive processes associated with reading in Spanish for identifying
cognitive deficits (Explained in Chapter 5).

e Delivering personalized learning analytics for creating awareness and facilitating
reflection and self-regulation during the learning process (Explained in Chapter
6).

e Delivering personalized recommendations for supporting the self-regulation of
the students (Explained in Chapter 6).

Morever, these processes are based on the implementation of “mechanisms for
adaptation”, such as: monitor logs, activity-based and outcome-based aggregators, data
mining, and learning analytics solutions (these mechanisms were described in Chapter 6).

7.3 The LMS Module

The exemplary LMS used in this dissertation was Moodle. This is an LMS with great
pedagogical and technological flexibility and usability that is supported by a large
community of developers and users around the world. Moodle has been developed as an
open source educational application with a free software license, and is currently the
LMS used at the University of Girona, as well as other universities that have contributed
in the development of this research work. Particularly, Moodle is characterized by its
simple interface, lightweight, and efficient, which can manage great amounts of
educational resources, and that is easy to install. It is developed in PHP, it works with
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different database managers such as Postgres, MySQL, etc. Moreover, it can be installed
in Linux or Windows operating systems and works with any web server that supports
the appropriate version of PHP, although the most widely used web server is Apache.

A relevant characteristic of Moodle to this research work is its interoperability, by
allowing the exchange of information with external software systems or tools. This can be
achieved by the supported protocols in Moodle (such as SOAP and XML-RPC) for
implementing the communication with a web service.

This feature of interoperability using web services facilitates the integration of the
Framework’s Software Toolkit proposed with this LMS. This will be further described in
next Section 7 .4.

Aditionally, Moodle is designed in a modular way, allowing new additions or
modifications to be incorporated (without changing the source code) so as to facilitate its
updating and growth. Thus, Moodle consists of "Modules" which provide users with
different functionalities such as courses management, classes assignments, homework
alerts, collaborative tools (e.g. forums, chat, etc.) management, quizzes assignment,
among others. The stable builds of Moodle has some default modules for working, but
more extensions (other modules) can be installed to deploy more functionalities.

Also in Moodle there are small modules called "blocks", which are considered “extras”
that complement and support teachers and students to manage and perform activities in
the courses respectively. Stable builds of Moodle already comes with several default
blocks installed, although like the modules more extensions can be added. Some examples
of these blocks are: a calendar, external RSS feeds, course description, a translator, etc.

In this research work a “block”, named PIADA (acronym for the Spanish name
Plataforma de Intervencion y Asistencia de Dislexia en Adultos), which allow users to interact
with the tools in the Framework’s Software Toolkit was developed. To this end, PIADA
was developed following the guidelines of Moodle.

PIADA’s design involves two identified user’s roles that can interact wih the tools in
the Framework’s Software Toolkit, namely:

e “Teacher”, or users responsible for installing the block in their courses, review the
learning analytics of the students enrolled in their courses, and viewing
recommendations given by experts (e.g., educational psychologists) for each
student with cognitive deficits; and

e “Student”, or users who access the block and can view their reports.

Diagrams in Figure 7-2 and Figure 7-3 specify the behavior of PIADA using the
Unified Modeling Language (UML). They have been organized into different functional
groups for better interpretation. Thus, Figure 7-2 shows a Case Use diagram of the
PIADA block with the actions that can be performed by each role (Teacher and Student),
and Figure 7-3 shows the Activity diagram for PIADA. These diagrams show that the
student is able to: register, view tools, access to tools, view progress notifications, and
view results, while teacher is able to: view tools, access to tools, and view results.
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PIADA block
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Access to tools
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Figure 7-2. Use case diagram of the PIADA block
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Thus, PIADA could be accessed by Students and Teachers as a complementary
activity of a course that a teacher manages and in which students are enrolled. Table 7-1
show a summary of the requirements followed for the development of PIADA.

Table 7-1. Summary of requirements of the PIADA block in Moodle.

No. Requirement ‘

R1 The block should be able to register a new user in the Framework’s Software Toolkit.

R2 The students should be able to access all tools of the Framework’s Software Toolkit using the block.

R3 The students should be able to view progress notifications (i.e., percentages) of the detection and
assessment tools (i.e., ADDA, ADEA and BEDA).

R4 The teachers should be able to view learning analytics and recommendatios (i.e., PADA and
RADA) of students enrolled in the course.

R5 The block should be able to get the reading difficulties, learning styles, and cognitive deficits of a
student.

R6 The teacher should be able to install the block in a course.

R7 The block should be able to install as a standard block of Moodle.

R8 The administrator should be able to update the block.

R9 The administrator should be able to unistall the block.

The development of the block was supported and performed using the modules
creation wizard that Moodle offers. This wizard created a new folder within the Moodle
blocks structure with the name "piada" to identify this new module. The creation of this
folder, as shown in Figure 7-4, includes the automatic creation of an internal sub-folders
structure and some necessary configuration files. The functionalities for interacting with
the Framework’s Software Toolkit within the block were developed using PHP and
JavaScript.

Avar/www/moodle/blocks/piada

Name Ext Size
& .

I, images

s

|, resources

I lang

l. css

|\ nusoap

I, db

|©| block_piada.php 1192
|©| version.php 2879
|©| go.php 2.559
|©] welcome.php 1.031
|9/ login_webservice.php 2,693
9| index.php 2329
©| list.php 6.418
O] result.php 11.007
|©|info.php 2461

Figure 7-4. Folder structure of the PIADA block

The interfaces of the PIADA block were divided into two groups depending on the
user’s role who can access the tools (Student and Teacher). The group of interfaces for a
Student allows accessing and visualizing the tools of the Framework’s software toolkit,
while the group of interfaces for a Teacher allows visualizing the learning analytics and




Integration of the Framework with a Learning Management System

recommendations for the students. Figure 7-5 depicts the user interface for accessing the
PIADA block from a course in Moodle.

Seminario |

Home » My courses » Semin:

Navigation +1IC]
Settings +1IC]
PIADA IC]

i Welcome Sonia !

Student

About
Sign in

Figure 7-5. PIADA interface: Access from a course in Moodle

In the case of the Student role, once, a student accesses PIADA, a new browser
window, divided into two sections, shows up. In the top of that window, icons for
accessing each tool of the Framework’s software toolkit from Moodle are displayed (see a in
Figure 7-6). In the bottom of that window, a panel with notifications of the progress
performed in the tools related with the Student Model (i.e. Forms, ADDA, ADEA and
BEDA) is displayed, (see b in Figure 7-6).
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P ; l - A n A Regresar

Plataforma de Intervencidn y Asistencia
de |a Dislexia en Adultos

___________________________________________________________________________________________________________

- .

...........................................................................................................

TOTAL TEST BEDA REALIZADO: 100 %
TEST ADDA

Test ADDA: Completado 100%

Para ver los resultados del Autocuestionario de Deteccion de Dislexia en Adultos. Por favor, haga
clic en el icono ADDA

TEST ADEA

You are logged in as Sonia Dugue (Logout)

Thoodle
Figure 7-6. PIADA interface: view of the students

In the case of the Teacher role, once a teacher accesses PIADA, a list with students
enrolled in his/her course is displayed (see Figure 7-7). On the right side of that interface
the teacher can enter to any of both: the analytics of learning (i.e., PADA) (see a in Figure
7-7) or the recommendations (i.e., RADA) (see b in Figure 7-7), and furthermore view the
results of each student. These results will let the teacher to decide and deliver
appropriated activities and resources to students regarding their needs.
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Figure 7-7. PIADA interface: view of the teachers

7.4 Integration Architecture based on Web Services

As presented in previous sections a block in Moodle, namely PIADA, was developed so
as the Framework’s Software Toolkit can be accessed and used by university teachers
interested in detecting, assessing, and assisting students who may have reading
difficulties and/or dyslexia. The capabilities of Moodle to support web services
technologies were used to communicate Moodle and the Framework’s Software Toolkit so
as to achieve the proposed integration (see Figure 7-8).

The integration architecture is based on the communication between the LMS and the
Framework’s Software Toolkit. The communication protocol used in this architecture was
SOAP!. This communication is achieved by developing a set of web services (published
by the Framework’s Software Toolkit) that allow PIADA in the LMS to retrieve data from
and send data to the tools of the Framework’s Software Toolkit.

! http://www.w3.org/TR/soap/
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Framework’s software toolkit

ADEA
Remote -
PIADA(*) =l S0AP ::31'52 - S
COMMUNICATION
block ey —
libraries) || RADA

(*) PIADA, acronym for the Spanish name Plataforma de Intervencidn y Asistencia de Dislexia en Adultos.
Figure 7-8. Integration architecture of the framework’s software toolkit with Moodle

In general, web services allow web-based systems to exchange data between them
regardless of the programming language with which they were created, the operating
system or platform where they run and the device from where they are accessed.

More precisely, in this research work data exchanging through web services is
typically performed using XML for sending requests and responses, between a system
that operates as a server (the Framework’s Software Toolkit) and other system that operates
as a client (PIADA) (see Figure 7-8). To achieve XML-based requests and responses the
SOAP protocol was used. SOAP is a standardized messaging language defined by W3C?
which is typically conveyed using HTTP and that relies on XML for its message format.
Moreover, SOAP specifies all the necessary rules for locating web services, integrating
web-based systems and managing communication between them. In Figure 7-9 how data
exchange carried out through SOAP is represented.

Client Server

DATA

Figure 7-9. Representation of SOAP’s data exchange

2 http://www.w3.org/
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The SOAP libraries (i.e. NuSOAP) used in the development of the integration allows
exchanging data by publishing services in the Framework’s Software Toolkit, and by using
these services through remote calls made by PIADA (see Figure 7-8).

NuSOAP is a group of PHP classes that allow developers to create and use SOAP web
services that can be used with Moodle aiming communication with other systems.

Different web services were built to achieve the proposed integration. Table 7-2 shows
the Web Services created on the server side (Framework’s Software Toolkit). First two
columns in Table 7-2 show the Web Service’s name and its descripcion, the last two
columns show the input (resquests) paramenters needed by the Web Service and the
output (responses) it returns to the client.

Table 7-2. Description of the functions created for the web services

Web service Description input parameters output parameters

Checks if a user existin [Request > username, Response = 0 (not exist) /
user_exist the databases of the moodle_id 1(exist)

framework's software

toolkit

Registers a user inthe  [Request = id_user, username, [Response - 0 (unregistered) /
register_user databases of the password, id_user_type, name, |1 ( registered)

framework's software lastname, birthday, sex,

toolkit id_institution,

id_aca_program, id_country,
city, date, moodle_id

Provides data for the Request - username Response - username,
login_user loginin the framework's password

software toolkit

Gets the user identifier in|[Request = username, Response - id_user
get_id_user the databases of the imoodle_id

framework's software

toolkit

Gets academic levels Request 2> {} Response - id_aca_level,
get_aca_levels recorded in the databases description_aca_level

of the framework's
software toolkit

Gets academic programs [Request > {} Response - id_aca_program,
get_aca_programs  |recorded in the databases description_aca_program

of the framework's
software toolkit

Gets countries recorded [Request 2 {} Response - id_country,
get_countries in the databases of the description_country

framework's software

toolkit

Gets the url for access in [Request = url Response > url
get_url the framework's software

toolkit

Gets the last identifier of [Request > {} Response 2number (last
get_last_moodle_id |Moodle registered in the moodle_id)

framework's software

toolkit

Provides the total Request = id_user Response = percentage

percentage_beda_tas [percentage made of
ks BEDA's tasks.
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percentage_phonolog
ical_awareness

Provides the total
percentage of the
cognitive process of

phonological awareness
of BEDA.

Request = id_user

Response - percentage

percentage_orthogra
phic_processing

Provides the total
percentage of the
cognitive process of

orthographic processing
of BEDA.

Request > id_user

Response - percentage

percentage_lexical_ac
cess

Provides the total
percentage of the
cognitive process of
lexical access of BEDA.

Request > id_user

Response - percentage

percentage_processin
g_speed

Provides the total
percentage of the
cognitive process of
processing speed of
BEDA.

Request = id_user

Response - percentage

percentage_working
memory

Provides the total
percentage of the
cognitive process of
working memory of
BEDA.

Request = id_user

Response - percentage

percentage_semantic
_processing

Provides the total
percentage of the
cognitive process of
semantic processing of
BEDA.

Request = id_user

Response - percentage

adda_test_completed

Checks if a user
completed the ADDA's
test.

Request = id_user

Response = 0 (not completed) /
1 ( completed)

adea_test_completed

Checks if a user
completed the ADEA's
test.

Request = id_user

Response - 0 (not completed) /
1 ( completed)

cognitive_deficits_exi
st

Checks if a user has a
cognitive deficit.

Request = id_user

Response - number (deficient
cognitive processes)

get_reading_difficulti
es

Gets all reading
difficulties of a user

Request = id_user

Response > {id_difficulty_1 to
id_difficulty_n}

get_learning_style

Gets the learning style of
a user

Request - id_user

Response > {id_processing,
id_ perception, id_input,
id_understanding }

get_cognitive_deficits

Gets all deficient
cognitive processes of a
user

Request - id_user

Response >
{id_cognitive_process_1 to
id_cognitive_process_n}

7.5 Case Studies

Two cases studies were performed to test the functionality and the usability of the
PIADA block in order to have two different viewpoints. The first case study was carried

out for students while the second one was for teachers.
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7.5.1 Case study with students

7.5.1.1 Method

Ten students from the University of Girona (Spain) and 10 students from the University
of Cordoba (Colombia) participated in the case study. For these samples both male and
female students from engineering programs, aged between 22 and 27 (M=24.58,
SD=2.193), were selected. Whether or not the student had dyslexia was not taken into
account, because the aim of this case study was to assess the functionality and usability of
the PIADA block.

During the case study, students were accompanied by a teacher experienced in
managing Moodle and the PIADA block. When students have finished reviewing the
block, the teacher asked them to fill an online survey and intended to evaluate the
functionality and usability of the PIADA block.

As shown in Table 7-3, the survey used to gather student comments consisted of 15
evaluation questions. Eleven questions where the students chose the most appropriate
response on a scale of 1-5 based on their perception. Three open-end questions to inquire
why some previous answers, which are marked with an asterisk (*) in Table 7-3. In
addition, at the end of the survey, one open-end question to include more comments if
students wished.

Table 7-3. Overview of student’s case study survey

No. ‘Question ‘

Q1 Is the overall appearance of the elements of the PIADA block (images, background colors, etc.) suitable?

Q2 Was it easy to navigate through and locate the tools of the PIADA block in the graphical interface?

Q3 Did the PIADA block adequately respond to your navigation pace?

Q4 When you start the block, was it easy to understand the information displayed in each of the enable
icons of the PIADA block menu (ie, personal details, ADDA, ADEA and BEDA)?

Q4"  The former was possible by means of ...

Q5 When you completed all tests (ADDA, ADEA and BEDA), was it easy to understand the information
displayed in the icons of the PIADA block menu (ie, reports, learning analytics and recommendations)?

Q5%  The former was possible by means of...

Q6 Was it easy to understand the notifications about ADDA, ADEA and BEDA?

Q6*  The former was possible by means of...

Q7 Do you think it is a good idea to integrate the Framework’s software toolkit in a LMS as Moodle for
detection, assessment and assistance for students with reading difficulties?

Q8 How satisfied are you with the integration of the Framework’s Software Toolkit with Moodle?

Q9 In general, was the PIADA block intuitive (i.e., did it not require much effort and time to learn to handle
it)?

Q10 Do you think it took a short time to navigate through the tools?

Q11  Please, if you have more comments about your experience with the PIADA block ...

7.5.1.2 Results

The students’” answers showed that appearance and navigability of the PIADA block
were satisfactory. Furthermore, it was very user friendly and intuitive: the students never
had questions about how to access and use the block. Students also think it is a good idea
to integrate the Framework’s software toolkit with a LMS, and they were satisfied with
the integration performed in Moodle. However, they indicated that navigate through all
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tools it took them a long time. The results obtained of the questions are presented in
Table 7-4.

Table 7-4. Results of the survey filled in by students

n n
Q1 0 0% 0 0% 2 10% 6 30% 12 60%
Q2 0 0% 1 5% 2 10% 5 25% 12 60%
Q3 1 5% 1 5% 3 15% 7 35% 8 40%
Q4 0 0% 0 0% 3 15% 8 40% 9 45%
Q5 0 0% 1 5% 1 5% 8 40% 10 50%
Q6 0 0% 0 0% 5 25% 4 20% 11 55%
Q7 0 0% 0 0% 0 0% 7 35% 13 80%
Q8 0 0% 0 0% 2 10% 7 35% 11 55%
Q9 0 0% 0 0% 1 5% 8 40% 11 55%
Q10 2 10% 1 5% 3 15% 6 30% 8 40%

In terms of understanding of the information displayed in the icons of the PIADA
block menu, students indicated that they achieved an easy comprenhesion of each tool, as
well as progress notifications of them. Although several comments were repeated in Q11
(see Table 7-3), and some were not significant, it highlight: “because there are a brief
introduction of each tool”, “because the information is accompanied by graphs and descriptive
texts”, “because the notifications show the progress percentages of each tool”. Finally, at the end
of the survey, students gave opinions for improving the experience with the block; most
of them to better understand the use of the different tools.

7.5.1.3 Discussion

The main focus of this case study was assessing the functionality and usability of the
PIADA block of Moodle which supports university students with dyslexia and/or
reading difficulties. General speaking, the results were very positive. In addition, the
understanding of the contents of block was good, so that, the authors believed that this
block could be used to facilitate the learning process of students with dyslexia and/or
reading difficulties through a LMS. Although, further research should be carried out to
explore the usability of the block with dyslexic students, and in others university
contexts.

In addition, it is necessary to extend this case study to test the functionality of the
Framework’s Software Toolkit to be integrated in others LMS (e.g., dotLRN or ATutor),
since this dissertation only considers the LMS “Moodle” to exemplify the integration.

Finally, it is worth noting that integration with Moodle required a great effort and
time by the author and collaborators in the analysis and development of the block. Thus,
it was necessary to study and understand Moodle's architecture for the development of
new blocks, and it was necessary to learn to use the workspace within Moodle for
development and management of style sheets. It was also important to have skills in
developing Web service-oriented applications and implement these services in Moodle. It
is believed that similar efforts will be required to integrate with other LMS.

182
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7.5.2 Case Study with Teachers

7.5.21 Method

Two teachers from the University of Girona (Spain) and 2 teachers from the University of
Cordoba (Colombia) participated in the case study. Teachers were from humanities and
engineering programs with pedagogical experience between 5 and 16 years. The case
study is based on interviews with participants, during which they reviewed the PIADA
block and exposed their comments in order to evaluate its usability and usefulness. Three
questions were answering during the interview:

1. Did you find it easy to navigate through and locate the PIADA block in Moodle?

2. Do you think it is a good idea to integrate the Framework’s software toolkit in a
LMS as Moodle for detection, assessment and assistance for students with reading
difficulties?

3. Do you think that the PIADA block can help you in reflecting and making
decisions to improve your teaching strategies?

7.5.2.2  Results

In term of usability, interviews with the teachers showed that the PIADA block is fairly
easy to access and use. Additionally, as students, they think it is a good idea to intregrate
the Framework’s software toolkit with Moodle, although they expressed some drawbacks
for use in their classes: "it is quite difficult to promote the use of these tools due to our current
academic load", "Moodle in the university is limited to share resources (i.e., documents,
assignments, exercises, etc.)", "I think it will be difficult to promote these tools among students
because they do not like to use them'".

In relation to the usefulness of the PIADA block, interviews showed that teachers
need more time to understand the meaning of learning analytics and recommendations
displayed (i.e, PADA and RADA). One of the engineering teacher said the
recommendations were addressed to teacher of education and psychology faculty, and
consequently they were hard to understand. Teachers also indicated that although they
would need additional hours of work, they were willing to seek alternatives that would
allow them to support students with difficulties.

7.5.2.3 Discussion

Similar to the student study, this case study assessed the usability of the PIADA block,
and and further it assessed its usefulness from the teacher's perspective. The results were
positive. And some teachers’ opinions suggest a revision of the PIADA block in order to
provide better services. These suggestions will be taken into suggesstion account for
further versions of this block.

Findings of this study need to be viewed in light of some limitations. First, the PIADA
block is a tool to access, visualize and use the Framework’s Software Toolkit, although it
has available information about reading difficulties, learning styles and cognitive deficits
of the students, these are not used in the LMS to produce appropriate learning resources.
Second, this research work only considered the evaluation of the functionality and
usability of the block for students, it is necessary to continue this work to assess the
usefulness and effectiveness of this block with larger groups of students. Third, there is,
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of course, a need to replicate the interviews with a large sample of teachers. Finally,
future work has to include the execution of additional experiments with diagnosed
dyslexic students. This is because dyslexic students may be familiar with similar tools,
which could provided different perspectives on the use and usefulness of the block.

7.6 Summary

This chapter presented the integration of the Framework’s Software Toolkit, which consist
of the demographics data forms, ADDA, ADEA, BEDA, PADA and RADA, with the LMS
Moodle. In order to achieve this integration a Moodle’s module and a set of web services
were implemented.

The Moodle’s module allows users (students and teachers) to interact with the tools in
the Framework’s Software Toolkit. This module was called PIADA (acronym for the
Spanish name Plataforma de Intervencion y Asistencia de Dislexia en Adultos), and it was
developed following the guidelines of Moodle.

The set of web services establish the communication to transfer the information the
Framework's Software Toolkit and PIADA. To this end, the communication protocol used
was SOAP which allows PIADA retrieve data from and send data to the tools of the
Framework’s Software Toolkit.

The idea with this integration is to enable the interaction between students with a
LMS so as to provide them with a familiar environment that supports detection,
assessment and assistance of reading difficulties related to dyslexia. Additionally,
encouraging teachers to revise their teaching practices in order to adapt them to the
needs of students with reading difficulties.

Two cases studies were performed to test the functionality and the usability of
PIADA. The first case study was carried out with 20 students while the second one was
with 4 teachers. Both samples from the University of Girona and the University of
Cordoba (Colombia). Results in both case studies were very positive. Students and
teachers were satisfied with the appearance and navigability of PIADA, they expressed
that is a good idea to integrate the Framework’s software toolkit with a LMS, and they
were satisfied with the integration performed in Moodle. However, they suggested a
revision of the PIADA’s functionalities in order to provide better services.
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This chapter presents conclusions and some ideas that may be worth exploring for future
research. First, a general summary of this research work is given together with the
objectives achieved. Second, a revision of the research questions formulated in Chapter 1
so as to explain the achieved conclusions to the solutions developed and their evaluation.
Third, possible directions for future works are presented. Fourth, the chapter present the
author’ publications and scientific collaboration. Finally, the projects where this
dissertation has contributed are described.

8.1 General Summary

The main objective (OB) of this dissertation was to: Including students with dyslexia
and/or reading difficulties in an e-learning process, so as to define methods and tools to
detect, assess and assist them in overcoming their difficulties during their higher
education. Accordingly, the Spanish-speaking university students who have a previous
diagnosis of dyslexia and/or are affected with reading difficulties which may be related to
dyslexia are addressed. Thus, covering the first subordinate objective (OB.1.) (see Section
1.3), the solution presented in this dissertation was to define a Framework for Detection,
Assessment and Assistance of University Students with Dyslexia and/or Reading
Difficulties. In addition, the integration of this framework with a LMS is considered.

To address these issues, a considerable theoretical preparation was required (see
Chapter 2). First of all, a review of concepts related to Learning Management System
(LMS) and Adaptive Hypermedia Systems (AHS), including learner modeling and
adaptation processes. Moreover given the inclusive approach of this dissertation, topics
related to achieve an e-Learning for All such as Learning Disabilities (LD) and dyslexia
are studied. Secondly, since this research study was aimed at university students with
dyslexia, their symptoms, compensatory strategies, cognitive processes, and assistance
were also studied. Thirdly, a review of tools to detect dyslexia symptoms (i.e., reading
difficulties) and compensatory strategies (e.g., learning styles), as well as tools to assess
the cognitive process involved in reading in order to determine cognitive deficits was
performed. Finally, assistance strategies that could be used with these students for
personalization and improvement of their learning were also studied.

On the basis of these studies, the defined framework takes into account: (i) a learner
model of students with dyslexia and/or reading difficulties, and (ii) a set of software tools
to collect and store data into the learner model so as to detect and assess the profile of
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each student, which is covering the second, third and fourth subordinate objectives
(OB.2.,, OB.3,, and OB.4.) of this dissertation (see Section 1.3), (iii) a set of adaptation
processes that provides personalized assistance to each student’s profile through data
visualization techniques and recommendations, covering the fifth subordinate objective
(OB.5.)(see Section 1.3), and (iv) a set of web services to integrate the learner model,
implemented software tools and adaptive components with a LMS so as to include
affected students in an e-learning process, covering the sixth and last subordinate
objective (OB.6.) of this dissertation (see Section 1.3).

8.2 Conclusions

Firsly, based on the review of the definitions presented in Chapter 2 of some relevant
statements about LD, the author of this dissertation concludes (Mejia et al., 2010; Mejia &
Fabregat, 2010): (a) LD are difficulties in the acquisition and use of listening, speech,
reading, writing, reasoning or mathematical abilities, (b) LD are not problems of any of
this types: sensory, physical, intellectual, attention, behavior, social interaction, mental
retardation, emotional, socio-cultural deficiencies and higher intellectual skills, (c) LD
generally emerge in childhood and are detected at school age, but can be generated later
by factors such as educational, social, and emotional, and (d) LD may affect people
throughout their entire lives. For this reason, LD can be categorized in: children with LD,
adolescents with LD and adults with LD.

Second, taking into account the 10th revision of the International Classification of
Diseases (ICD-10) and the Diagnostic and Statistical Manual of Mental Disorders (DSM-
IV-TR) classification systems as well as a literature review conducted for the LD
classification (see Chapter 2), it was concluded that there are very similar approaches,
thereby, it is used the following classification of LD in this dissertation (Mejia et al., 2010;
Mejia & Fabregat, 2010): Dyslexia or difficulties with basic reading skills and reading
comprehension, Dysorthographia or difficulties with poor performace in spelling,
Dysgraphia or difficulties with written expression, and Dyscalculia or difficulties with
calculations and mathematical reasoning.

Third, the author is focused on university students with dyslexia, a population that has
been studied very little. University students with this type of disability may experience
difficulties during their academic careers, since reading is the basis of most, if not all,
formal educational processes and has significant importance in many learning domains.
Furthermore, a literature review shows that poor readers are also less successful in
writing tasks than their peers. Thus, in accordance with common practice, dyslexia
entails not only reading difficulties. It is commonly associated to disorders of writing and
spelling skills, i.e. dysgraphia and dysorthographia respectively.

Fourth, it is also concluded that dyslexia is related to difficulties in speech, working
memory, attention and spatial organization, the development of compensatory strategies,
and deficits in cognitive processes involved in reading. Furthermore, it is noted that
technologies could help affected students in developing skills and enhancing their
learning performance, consequently, there is a notable challenge with regards to using
technology that support these students, and thus, facilitate their learning process and
assistance by supporting materials and activities that are not necessarily provided during
school hours due to busy learning schedule to be followed.
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Fifth, the author concludes stating that not all students whose performance is affected
by dyslexia are diagnosed and/or assisted before starting their studies at university;
therefore, there are many students with symptoms of dyslexia or reading difficulties who
have not been diagnosed with an official psychoassessment procedure. Consequently, a
considerable number of students enter university without having reading skills expected,
and would require support to cope with high reading demands.

Sixth, along this dissertation the author uses the description "dyslexia and/or reading
difficulties" because in this research work, dyslexia is analyzed independently of reading
difficulties. Thus, students with previous diagnosis of dyslexia were considered in the
study, as well as students with reading difficulties detected with the tools proposed in
this dissertation. Consequently, either of the two cases could be given at the same time
(dyslexia and reading difficulties) or independently (dyslexia or reading difficulties).

It is concluded then, that the higher educational institutions are in clear need of
specific resources to detect students with or without a previous diagnosis of dyslexia that
still show reading difficulties, and to provide assistance to them. In this sense, methods
and tools to detect, assess and assisst Spanish university students with dyslexia and/or
reading difficulties are needed and therefore were proposed in this research work.

Regarding to the first research question (RQ1) addressed in this dissertation “How can
university students with dyslexia and/or reading difficulties be detected?”:

e The author concludes stating that there are three parallel ways in which the
detection could be made. One way is the detection of demographics, i.e., the personal
details of the affected students such as age, gender, and academic level, etc. The
second way is the detection of reading profile, i.e., the individual weaknesses (or
difficulties) of the affected students. The other way is the detection of learning styles,
i.e., the strengths (or preferences) of these affected students.

e In Chapter 2 a characterization of students with LD and particularly, those who
present dyslexia was presented. Here, it is stated that aspects such as school life,
family history, current reading-writing difficulties (e.g., reading disorders related
to vocabulary, reading comprehension, oral reading fluency, writing, and
spelling), associated difficulties (e.g., speech, working memory, attention, and
spatial organization), as well as reading and writing habits are important to
consider in the detection. Additionally, in this chapter was highlighted the
usefulness of self-report questionnaires for detecting students who may have
dyslexia because they have been proven to be valid and reliable tools for
collecting information about personal history and current difficulties of these
students.

e Therefore, in Chapter 3, the author of this dissertation proposed a self-report
questionnaire to detect dyslexia in adults, called ADDA (acronym for the Spanish
name Autocuestionario de Deteccion de Dislexia en Adultos) (Mejia, Giménez de la
Pefa, et al., 2012, 2013). This self-report allows detection of reading difficulties
and provide feedback to students based on two profiles, namely: students
reporting current difficulties (Profile A), and normal readers (Profile B), i.e,
students with and without symptoms of dyslexia respectively. In Chapter 4 a
complete description of ADDA was presented. And, in Appendix A and B, the
items that comprise ADDA, in its first and second version, are shown.
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According to the results presented in Chapter 4, ADDA gather the advantages of
self-reports. It is easy to administer and short time taken, what makes it a suitable
tool for detecting university students with reading difficulties from fairly large
samples with low cost. It is also worth noting that the responses to ADDA have
revealed a number of students with subjective symptoms that have not received
any assistance. Then, ADDA may play an important role in detecting students
that could greatly benefit from advice and training.

On the other hand, along this research work has been pointed that despite reading
difficulties, many dyslexic students could develop compensatory strategies to
help them succeed in their studies and get into university. In this sense, in
Chapter 2 several studies that have demonstrated the relevance of detecting the
learning style of these students in order to help them to identify and develop the
most effective compensatory strategies they could use to learn were presented.
Thus, in Chapter 3, the author of this dissertation proposed to adopt the Felder-
Silverman’s Index of Learning Styles (ILS) (Felder & Silverman, 2002), a self-
report questionnaire to detect the learning styles of students with dyslexia and/or
reading difficulties, which for practical purposes was called ADEA (acronym for
the Spanish name Autocuestionario de Deteccion del Estilo de Aprendizaje). As was
presented in Chapter 3 and Chapter 4, this self-report combines learning styles of
four dimensions (i.e., processing, perception, input, and understanding) to define
the learning styles of a particular student. In Chapter 4 a complete description of
ADEA was presented. And, in Appendix C, the items that comprise ADDA (i.e,,
the ILS) are shown.

In Chapter 4, the results after applying ADEA to a sample of students shown that
the most of them possess Active, Sensitive, Visual, and Sequential learning styles.
And no differences were found between the dyslexics and possible-dyslexics (i.e.,
students with symptoms of dyslexia) in this tendency. Moreover, the results also
shown that students were satisfied with the learning styles presented in the
ADEA report. Hence, ADEA can be used to make students and teachers aware of
the students’ learning styles. Accordingly, students with dyslexia and/or reading
difficulties could better understand the ways in which they learn, understand
their strengths and weaknesses, and develop appropiate strategies to learn. In
addition, teachers could be motivated to extend their teaching strategies or
materials if they do not support different learning styles.

To implement ADDA, in Chapter 4 was presented a software tool, called
detectLD, devoted to the delivery and review of this kind of self-reports (Mejia,
Clara, et al., 2011). Furthermore, due to the scope of this tool to embed different
self-reports, it was also used to implement ADEA.

With regard to second research question (RQ2) addressed in this dissertation “How

can cognitive traits of the students with dyslexia and/or reading difficulties be assessed
in order to inquire which cognitive processes related to reading are failing?”:

The author of this dissertation have argued for the importance of assessing
cognitive processes associated with reading that can be altered in university
students with dyslexia and/or reading difficulties, considering that reading is a
complex activity consisting of different cognitive processes, ranging from visual
perception of letters to obtain the overall meaning of the text. Thus, identification
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of which specific processes are failing on a student during reading activity let
understand how the student can be assisted. Consequently, in Chapter 2, it is also
argued that the cognitive processes that are considered essential for success in
reading activity and should be assessed are: phonological processing, orthographic
processing, working memory, lexical access, processing speed, and semantic processing.
Furthermore, in Chapter 2, a review of the tools used to identify LD, and
particulary dyslexia (Mejia et al., 2010), showed that cognitive processes can be
assessed by using tests — also referred to as instruments, batteries or tasks — that
access and retrieves information about each of cognitive processes. This review
also showed that only DN-CAS (Tellado et al., 2007) and SICOLE (Jiménez et al.,
2002) batteries which are targeted to children and the UGA (Diaz, 2007) targeted
to adults offer specific tasks aiming to assess some of the processes mentioned
above. However, there is not yet a tool that evaluates all cognitive processes
related to reading in Spanish-speaking university students.

Then, in Chapter 3, the author of this dissertation proposed an automated battery
for the assessment of cognitive processes involved in reading, called BEDA
(acronym for the Spanish name Bateria de Evaluacion de Dislexia en Adultos) (Diaz
et al., 2013; Mejia, Diaz, et al., 2011; Mejia, Diaz, Jiménez, et al., 2012). Thus, this
battery allows identify specific processes are failing on students and provide
feedback according to their cognitive traits.

As show in Chapter 5, BEDA has a modular design to facilitate communication
between the modules and interaction between users (i.e., students, teachers, and
experts). It consists of eight modules: six for the assessment of each cognitive
process involved, one for the analysis of results, and one for administration
purposes. Moreover, BEDA is supported by a multimodal architecture that allows
students to communicate with the assessment modules through different modes
(visual, auditory, and speech) according to the specific objective of each
assessment task in the different modules.

With respect to the validity of BEDA, worth mentioning that it is valid in terms of
content, since the tasks and items were made in collaboration with psychologist
and pedagogues experts in Dyslexia from the Research Group on Learning
Disabilities, Psycholinguistics and New Technologies (DEA&NT) at the
University of La Laguna. Thus, the author of this dissertation jointly with these
experts carried out a review of the tasks and bibliography about the contents of
each assessment module (see Chapter 5). Furthermore, the content validity
implies judgments that involve both the appearance of the items as the cognitive
processes involved in answering these items. The opinions and suggestions of the
experts were taken into account from the early stages of development of BEDA to
completion. In Appendix D, the items that comprise BEDA are shown.

On the other hand, in Chapter 5 is argued a first scope of standardization of
BEDA so it can check the student's performance level in different cognitive
processes and provide a preliminary feedback and recommendation to students.
Additionally, statistical analyses were performed in order to debug of the BEDA's
items. Thus, successes and errors, missing cases, as well as difficulty indexes,
discrimination indexes, and correlations of the items with the tasks were
calculated. Consequently, the author of this dissertation proposes to discard some
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BEDA's items due to they are not discriminating. In Appendix E, the items that
author propose as definitive are shown.

In relation to the third research question (RQ3) addressed in this dissertation “How
can students with dyslexia and/or reading difficulties be assisted?”:

Studies have shown that detection, assessment and assistance supported by
technologies tend to increase motivation of students affected with dyslexia (see
Chapter 2). In addition, it is stated that technologies help promoting university
students reflection on their learning (skills, difficulties, preferences,
misconceptions, etc.). Thereby, there is notable challenge with regards to using
technology that support these students, and thus, facilitate their learning process
and assistance by supporting materials and activities that are not necessarily
provided during school hours due to busy learning schedule to be followed.
Furthermore, in Chapter 2, it is argued that the students' awareness of their
weaknesses and strengths, as well as ability to make decisions and self-regulate
their learning, are powerful predictors for their academic success. Accordingly, it
is concluded that opening the learner model to the students has been a successful
strategy to promote awareness-raising, which leads to reflection on learning, and
facilitates self-regulation, thereby the learning process is supported.

In this sense, one of the emerging visualization techniques and potential impact to
open the learner model are the learning analytics. Then, in Chapter 3, the author
of this dissertation proposed a dashboard for visualizing and inspecting the
reading difficulties and their characteristics, called PADA (acronym for the
Spanish name Panel de Analiticas de Aprendizaje de Dislexia en Adultos). As show in
Chapter 6, PADA is a web-based tool designed to facilitate the creation of
descriptive visualizations required for a better understanding of students about
their learner model. Through information visualization techniques, PADA shows
students the knowledge in their learner models in order to help them to increase
their awareness and to support reflection and self-regulation about their
difficulties in reading. PADA provides different learning analytics on reading
performance of students, so that they can self-identify their particular strengths
and weaknesses and self-regulate their learning.

In addition, according to literature presented in Chapter 2, it was concluded that
the hints, feedback and advice could help affected students to facilitate and
develop self-regulation that will allow the independence of their difficulties. Thus,
in Chapter 3, the author of this dissertation proposed a repository for storing and
delivering of recommendations to overcome such difficulties, called RADA
(acronym for the Spanish name Recomendador de Actividades para la Dislexia en
Adultos). Consequently, as show in Chapter 6, once the PADA'’s visualizations are
presented, students can access RADA and view a set of recommendations that
have been designed in collaboration with psychologist and pedagogues experts in
Dyslexia according to the cognitive deficits presented.

Based on the results of a case study to test the usefulness of PADA. It was
concluded that PADA can assist students in creating awareness, and help them to
understand their strengths and weaknesses associated with the reading tasks, as
well as facilitate reflection and self-regulation in the learning process. It was
verified its functionality and navigability. Students were capable of
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understanding and inspecting their own learner model through different
visualizations. Additionally, students were awareness about their reading
difficulties, learning styles and cognitive deficits, as well as reflect and think how
to self-regulate their learning process.

Concerning to the last research question (RQ4) addressed in this dissertation “How
can the detection, assessment and assistance of university students with dyslexia and/or
reading difficulties be provided in a LMS?”

In order to integrate the previous tools for detection, assessment and assistance of
students with dyslexia and/or reading difficulties with a LMS (see Chapter 4,
Chapter 5, and Chapter 6), an architecture based on web services was proposed.
In Chapter 3, it is stated that this integration, besides these tools can be used
independently from an LMS, it enables working within a specific LMS, so as to
achieve interoperability of the tools in an e-learning process.

As shown in Chapter 7, the exemplary LMS used in this dissertation was Moodle.
This is an LMS with great pedagogical and technological flexibility and usability
that is supported by a large community of developers and users around the
world. It is an open source educational application, and is currently the LMS used
at the University of Girona, as well as other universities that have contributed in
the development of this research work.

To this end, a module named PIADA (acronym for the Spanish name Plataforma de
Intervencion y Asistencia de Dislexia en Adultos), which allow students to interact
with the tools in the framework was developed. Thus, teachers can install this
block in their courses, review the learning analytics of the students enrolled in
their courses, and viewing recommendations given by experts for each student
with cognitive deficits; and students can access each of the detection and
assessment tools as well as assistance tools through Moodle.

According to the results presented in Chapter 7, both students and teachers were
satisfied with the integration performed in Moodle. Additionally, teachers
indicated that although they would need additional hours of work, they were
willing to seek alternatives that would allow them to support students with
difficulties.

From these findings it is expected that this integration provides students a
familiar environment that supports detection, assessment and assistance of
reading difficulties related to dyslexia, as well as encourages teachers to revise
their teaching practices in order to adapt them to the needs of students with
reading difficulties.

Finally, it is worth noting that the success of this research work was due to

collaboration of an interdisciplinary group of researchers and practicioners from different
universities in Spain and internationally.

8.3 Future Work

This section concludes the dissertation with the vision for future research. There are
several issues that have been left as future work throughout this dissertation. The next
paragraphs present these issues.
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Regarding the ADDA self-report questionnaire (see Appendix A), it is necessary to
continue this research study to consider its validity as a predicting tool using specific
standard tests (e.g., performance on a battery of cognitive tasks), as well as to analyze its
effectiveness with large samples of university students with dyslexia. Moreover, it is
recommended to study the influence of each section of ADDA for defining the profiles
(i.e., Profile A or Profile B). Although the profile currently relies on the analysis of
questions in Section 3 (i.e., Current reading-writing difficulties); further analysis can be
carried out on other sections to improve the definition of this profile. Future research
may provide a clearer picture of the distribution of reading difficulties among Spanish-
speaking university students. There is, of course, a need to replicate these findings and to
validate them in other university contexts.

Furthermore, ADDA might also consider motivational and affective aspects, which
could be used as criteria to adjust more the reading profiles found and facilitate the
creation of personalized recommendations from the experts. In this research work, a
second version of ADDA was proposed (see Appendix B), which consider these two
aspects as well as the restructuration of some sections and questions based on the
findings of the case study presented in Section 4.4. However, this second version has not
been tested with university students in order to do reliability and correlation analysis.
Future research poses conducting cases studies at the University of Girona, the
University of La Laguna and the University of Las Palmas Gran Canaria in order to test
this second version and create a standardized procedure.

In relation to ADEA, a case study with 36 students from the University of Girona
(Spain) and the University of Cordoba (Colombia) identified the most preferred learning
styles of the students (dyslexics and possible-dyslexics), and also found that all students
were satisfied with the learning style detected. However, further research could identify
detailed patterns about the preferences of students with dyslexia and/or reading
difficulties. Thus, more analysis can be made with the collected students sample as well
as analyze the effectiveness of ADEA with larger samples.

In this dissertation an exploratory case study that let managing and evaluates BEDA
with students of the University of Girona was done. However, the idea is to convert
BEDA on a psychometric test standardized consisting of items, selected and organized in
tasks, which measure cognitive processes involved in dyslexia in adults. Accordingly, at
present more case studies are being conducted at the University of La Laguna and the
University of Las Palmas Gran Canaria in order to create a more refined standardized
procedure than achieved in this dissertation.

Moreover, for proper refined standardized procedure it is important to consider the
fluency, a variable that is essential to the proper development of reading (it is collected
from measuring response time and execution time of some tasks). Although in this
dissertation the response and execution times were recovered, these were not considered
in the analysis of exploratory case study to calculate the preliminary standards. Future
work includes the consideration of these times in the standardized procedure.

In order to support some tasks in BEDA, which require the use of the voice to answer
them, a prototype of voice recognition system was implemented in this dissertation.
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Although the prototype uses a corpus trained with Spanish-language voices!, it still
shows high error rates, forcing experts to review these tasks. This means that the system
requires further research and development as future work.

Another interesting observation relates to the interpretation of the reports. Currently,
students see the reports once ADDA, ADEA or BEDA is completed, however, they must
know how to understand these reports. It is therefore essential that the student knows
what it means and involves reading, as well as dyslexia symptoms, preferred learning
styles and the importance of certain cognitive processes involved in reading compared to
other processes, that besides from being facilitators they are not essential for reading to
be developed. Thus, in the near future, a tutorial that explains all these issues and
theoretical foundations must be created and enabled for teachers and students.

Regarding PADA, future work includes the execution of additional experiments with
more dyslexic students, so as to evaluate the feedback provided by them about the
effectiveness of the dashboard compared with the feedback of students with symptoms of
dyslexia (i.e. have a balanced group of dyslexic and possible-dyslexic participants).

Moreover, PADA displayed visualizations for each of the tools that collect data
(namely demographic data forms, ADDA, ADEA, and BEDA), but it does not create
aggregators that combine data between tools. Further research is proposed to analyze the
influence between data collected in order to improve the assistance.

In this dissertation it is proposed a first approach of a recommender system fed by
experts (i.e., educational psychologists) for teachers and students. Thus, a repository for
storing and delivering specialized recommendations that help to mitigate the cognitive
deficits, called RADA, was designed and developed. However, extensions to add the
recommender system are being designed and their development and tests are still
waiting. In addition, further research is necessary to consider the remaining collected
information (i.e,, demographics, reading profile, and learning styles) as well as the
influence among collected data in order to improve the assistance of the
recommendations.

It is clearly important to establish university programs to provide advice and support
to students with dyslexia and/or reading difficulties. In this research work, it was
designed and built effective tools to detect, assess and assisst these students, which were
integrated in a LMS. However, it is necessary to continue this research work and use
additional tools to provide appropriate learning resources and aids. Future research may
provide adapted resources and services through an LMS as well as incorporate different
data models (e.g. learning flow, assessment and contents) that can be processed and
inferred so as to deliver educational information tailored to the students” needs.

Although participants were balanced bilinguals (i.e., Catalan and Spanish speakers),
further research should be carried out to explore the influence of bilingualism on the
development of reading-writing skills, specifically in those cases with difficulties.

Moreover, it is proposed as future work the design and development of accessibility
testing scenarios in order to verify the easiness of the solutions presented in this
dissertation to meet the users’ access needs.

1 http://sourceforge.net/projects/cmusphinx/?source=navbar
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In addition, the students and teachers also offered some suggestions for improvement
of the proposed tools with new functionalities such as extending visualizations, giving
more detail feedback, and recommendations.
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ADDA ITEMS - FIRST VERSION

The following self-report questionnaire contains a list of statements (in Spanish language)
that ask students about their experience with reading.

Por favor responda todas las afirmaciones con la respuesta que crea es mds
cercana a su experiencia. No hay respuestas buenas o malas.

#...... Programa académico.........ccocvuerrueimricininciinie s Edad............... Genero M F

Seccidn 1. Sefiala la respuesta que mas se aproxime a su experiencia durante la etapa

escolar.
1. ;Le gustaba ir al colegio? ..a)SI  b)NO
2. ;Era un buen eStUAIANtE? ..ot e a)SI  b)NO
3. ¢A qué edad cree que leia y escribia correctamente? ...........ccccecuueee. a)6-7 b)8 )9 d) mas tarde
4. ;Qué asignatura le resultaba mas dificil? .........ccccceeeuviirinnnne a) Matematicas b) Lengua y literatura castellana

) Historia d) Inglés

5. ¢Recibi6 clases particulares? ...........ccocovevviciniiriennnnns a) Un curso b) Dos cursos c¢)Cadacurso d) NO
6. ;Cudntos idiomas puede hablar sin dificultad? .........ccccocceeveivviininininicniiienne a)l b)2 ¢)3 d)mas
7. ¢Cual considera que es su primera lengua? ..... .a) Catalan D) Castellano c)Inglés d) Otro
8. ;Ha tratado de aprender otros idiomas? ... ....a)SI b) NO
9. ;Le ha sido facil aprender otros idiomas? ... s a) SI b) NO

Seccidn 2. Respecto a dificultades en el aprendizaje, sefiale la respuesta que crea mas
adecuada en su caso.

10. ;Ha acudido a consulta alguna vez por problemas de lectura 6 aprendizaje? ...........cccccevuuce. a)SI  b)NO
11. ;Ha sido evaluado con anterioridad por dificultades en la lectura 6 aprendizaje?.................. a)SI  b)NO
12. Ha sido diagnosticado de............. a) Dislexia ~ b) Disgrafia/Disortografia ~ c)Discalculia  d) Ninguna
13. ;Ha seguido alguna vez tratamiento por alguna de las dificultades anteriores? ...................... a)SI  b)NO
14. ;Durante cuanto tiempo (en afos) ha seguido tratamiento por estas dificultades? ........................ a)l b)2

¢)3 d)mas anos
15. ;Considera que actualmente tiene dificultades al leer 6 escribir? ..o a)SI  b)NO

Section 3. Mas detalladamente, ;considera que tiene dificultades en alguno de los

siguientes aspectos?

16. Omite y/o confunde letras al Leer. ..ot a)SI  b)NO
17. Omite y/o confunde palabras al leer. ..a)SI  b)NO
18. No comprende bien lo que lee. ....... ..a)SI  b)NO
19. Le cuesta extraer la idea principal de un texto con una sola lectura. . . a)SI  b)NO
20. Tiene que leer despacio para no tener confusiones. ..........ccccceevuueuuee ..a)SI b)NO
21. Suele necesitar volver atras en el texto. .................. ..a)SI  b)NO
22. Le resulta dificil leer en voz alta. ....... ..a)SI  b)NO
23. Le ayuda a comprender un texto que otra persona se lo lea. ..a)SI b)NO
24. Tiene dificultad para concentrarse cuando lee. ................... . a)SI  b)NO
25. Necesita revisar su ortografia constantemente. . .. a)SI  b)NO
26. Omite y/o confunde letras al escribir. .............. ..a)SI  b)NO
27. Omite y/o confunde palabras al escribir. ...a)SI  b)NO
28. Comete faltas de ortografia. .................. ..a)SI  b)NO
29. Confunde el orden de los nimeros. ...... ..a)SI  b)NO
30. Altera el orden de las palabras al escribir. ..a)SI  b)NO
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31. Le cuesta utilizar los signos de puntuacion. ... a)SI  b)NO
32. Le cuesta escribir de forma fluida y €Xacta. .......ccoccuiuviiiiviiiiciniciiic s a)SI  b) NO
33. Le resulta dificil expresar una idea por eSCrito. ........c.cocvuveiviuviiiiiiniiinicc s a)SI  b) NO
34. Tiene dificultad para organizar un trabajo Por €SCIito. ........ccccoeuviuriiiverrieiiiiniricniisceenees a)SI  b)NO
35. Le cuesta diferenciar entre nombres, verbos, adjetivos o adverbios al escribir. .........c.ccccceuvuucce. a)SI  b) NO
36. Suele utilizar oraciones complejas o subordinadas (con mas de dos verbos) al escribir. .......... a)SI  b)NO
37. Tiene una escritura dificil de leer o ilegible (mala letra). .........ccoovuviviiiiviiiiviiiccccicieeae a)SI  b)NO
38. Suele mezclar letras mintisculas con maytsculas de forma aleatoria. .........ccccccecuveuviiririiricincninns a)SI  b) NO
39. Le cuesta encontrar la palabra COITECta. ... s a)SI  b) NO
40. Le cuesta adquirir nuevo vocabulario. ... a)SI  b)NO
41. Pronuncia mal o usa palabras equivocadas. .........ccooviiiiiiiiiii s a)SI b)NO

Seccion 4. Por favor, sefiale si encuentra dificil realizar alguna de las siguientes

actividades.

42. Tiene dificultad para escuchar y escribir al mismo tiempo. ........ccccoveeueeueirieieiicnieecce a)SI  b)NO
43. Tiene dificultad diferenciando automaticamente la derecha de la izquierda. ..a)SI  b)NO
44. Recordar lo que ha leido. ...... ..a)SI  b)NO
45. Dar informacién por escrito. .a)SI  b)NO
..a)SI  b)NO

46. Exponer sus ideas. ...

47. Tomar Notas. .....eeeeveereverereereserennens ..a)SI  b)NO
48. Recordar el nombre de las personas. ... .a)SI  b)NO
49. Recoger mensajes telefOnicos. ...........cccoeunece ..a)SI  b)NO
50. Recordar instrucciones o informacion nueva. .a)SI  b)NO

51. Usar un diccionario. ........c.ccceeeveeereneerercrunnenene. ..a)SI  b)NO
52. Usar mapas. ............. .a)SI  b)NO
53. Controlar el tHempo. ..o ..a)SI  b)NO
54. Organizarse y establecer el orden de prioridad temporal. .a)SI  b)NO
55. USAr UN OTAENAAOT. ...ccceueuiuieiriiuiieieieiiteteettet ettt ettt er et teae st sea st stese st b seb e st e bene cetesenentsaeseneasesene a)SI b)NO

Section 5. Respecto a su familia, sefiale la respuesta mas adecuada.

56. Indique otros familiares con dificultades semejantes a las suyas......... a) Padres b) Abuelos c¢) Hermanos
d) Ninguno
57. Alguien de su familia ha sido diagnosticado de.... a) Dislexia  b) Disgrafia/Disortografia  c)Discalculia
d) Ninguna

Section 6. Respecto a sus habitos de lectura, senale la respuesta que mejor describa su

experiencia.
58. ;Le gUSLA LEET? ....oeceiiiiiii s a) SI b) NO
59. jLee habitualmente? ..........cccciviiiiiiiiiieiie et e a) SI b) NO
60. ;Qué tipo de literatura lee? .........cccccocovevincivicincunnnns a)Novela b)Ensayo c) Ciencia ficcion  d) Poesia
61. ;Qué tipo de prensa ¢ periodico lee? ........ a) Gratuita ~ b) Deportiva  c) Nacional d) Internacional
62. ;Lee la prensa escrita? ................. a) Todos los dias  b) 3-4 veces semana  c) Fin de semana  d) Nunca
63. ;Utiliza Internet para documentarse y 1€er? ............cccouvviuruuriieiinriiniciieecesscscese s e a)SI  b)NO
64. ;Lee la prensa en Internet? ......... a) Todos los dias  b) 3-4 veces semana  c) Fin de semana  d) Nunca

Section 7. Respecto a sus héabitos de escritura, sefiale la respuesta que mejor describa su

experiencia.
65. jLe USEA @SCIIDIT? ....vuviiiiiiccc s a) SI b) NO
66. ;Escribe habitualmente? ..ottt e a) SI b) NO

67. ;Prefiere escribir a mano antes que usar el ordenador? ..o a) SI b) NO




ADDA ITEMS = SECOND VERSION

The following self-report questionnaire contains a list of statements (in Spanish language)
that ask students about their experience with reading.

Por favor responda todas las afirmaciones con la respuesta que crea es mds
cercana a su experiencia. Cuando la pregunta se sefiala con (*) puede
responder en mds de una opcion. No hay respuestas buenas o malas.

#...... Academic Programi.........ccceeeiveineuneniiieiescie s Age......... Gender M F

SECCION I. INFORMACION GENERAL. Respecto a dificultades en el aprendizaje,
sefale la respuesta que crea mdas adecuada en su caso.
1. ;Ha acudido a consulta alguna vez por problemas de lectura 6 aprendizaje? a)SI  b)NO
2. ;Ha sido evaluado con anterioridad por dificultades en la lectura 6 aprendizaje? a)SI  b)NO
3. Ha sido diagnosticado de (*) a) Dislexia  b) Disgrafia  c) Disortografia  d)Discalculia  e) Disfasia

f) Ninguna g) Otras jcuales?
4. ;Ha seguido alguna vez tratamiento por dificultades en lectura y/o escritura (es decir, por dislexia,
disgrafia y/o disortografia)? a)SI  b)NO
5. ¢(Durante cudnto tiempo (en afios) ha seguido tratamiento por dificultades en lectura y/o escritura?

a)l b)2 «¢)3 d)masanos

6. ;Considera que actualmente tiene dificultades al leer 6 escribir? a)SI  b) NO

(*) Indica que puede seleccionar mas de una respuesta.

SECCION II: VIDA ESCOLAR. Sefale la respuesta que més se aproxime a su experiencia
durante la etapa escolar.

7. ¢Le gustaba ir al COleZIO? ... s a)SI  b)NO
8. ¢Acudia al colegio regularmente? ..o e a)SI  b)NO
9. ¢Solia repetir 10S CUIS0S €SCOLATES? ........cucvuiiieiiiiiiciciici s s esaes a)SI  b)NO
10. ;Tuvo problemas a la hora de aprender a leer y escribir? ..........c.cccocvvivimiiiiiiniicciiniceenes a)SI  b)NO
11. ;A qué edad cree que leia y escribia correctamente? ..a)6  b)7  ¢)8 d)9 e)10  f) mas tarde
12. ;Solia presentar dificultad con las asignaturas relacionados con la lectura? ..........cccccceuvueunene a)SI  b)NO
13. ;Solia presentar dificultad con las asignaturas no relacionados con la lectura? ...........cccccu..... a)SI b)NO
14. ;Recibi6 algiin tipo de apoyo extra en el colegio? ... a)SI  b)NO
15. ;Recibid clases particulares? ...........cccooevvevciviucicininnce. a) Un curso b) Dos cursos c¢)Cadacurso d) NO

16. ;Cuantos idiomas puede hablar sin dificultad? ..........ccccoevuiincivicininincinicicninns a)l b)2 ¢)3 d)mas

17. ;Cual considera que es su primera lengua? ............ a) Catalan  b) Castellano  c) Gallego  d) Euskera
........................... e)Inglés  f) Francés d) Otro, ;Cual?

18. ;Ha tratado de aprender otros idiomas? ...........ccccooeviiriiinieiiinieiiccc s a) SI b) NO
19. ;Le ha sido facil aprender otros idiomas? ...........cccceoevieeiriiiieieiiiniciicciccc e a) SI b) NO

SECCION III: HISTORIAL MEDICO Y FAMILIAR. Respecto a su historial médico, sefiale
la respuesta mas adecuada.

20. Indique si ha presentado problemas de (¥) ............. a) Oido b) Visiéon c) Motores d) Lenguaje
.................... e) Ninguno f) Otros, ;Cuales?

21. Indique si ha presentado problemas graves (*) ... a) Respiratorios b) Neurologicos ¢) Nacimiento
.............. d) Ninguno e) Otros, ;Cudles?

(*) Indica que puede seleccionar mas de una respuesta.
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Respecto a su historial familiar, sefiale la respuesta mas adecuada.

22. Indique otros familiares con dificultades semejantes a las suyas (*) ... a) Padre ~ b) Madre  b) Abuelos
............. c¢) Hermanos  d) Tios  f) Hijos g)Ninguno h)No lo sé

23. Alguien de su familia ha sido diagnosticado de (*) ............... a) Dislexia  b) Disgrafia  c) Disortografia
d)Discalculia  e) Disfasia ~ f) Ninguna g) Otras ;cuales? h) No lo sé

(*) Indica que puede seleccionar mas de una respuesta.

SECCION IV: DIFICULTADES EN LECTURA, ESCRITURA Y MATEMATICAS.
(Considera que tiene dificultades en alguno de los siguientes aspectos relacionados con la
LECTURA?

24. Omite y/o confunde letras al 1eer. ...........cocoooiiiiimiiiiiinicie e a)SI b)NO
25. Omite y/o confunde palabras al leer ..a)SI  b)NO
26. No comprende bien lo que lee. ........ ..a)SI  b)NO
27. Le cuesta extraer la idea principal de un texto con una sola lectura. .. a)SI  b)NO
28. Tiene que leer despacio para no tener confusiones. ..........ccccoeueueeee .. a)SI  b)NO
19. Suele necesitar volver atras en el texto. .......ccccoeeeereerrireeennane ..a)SI b)NO
30. Le ayuda a comprender un texto que otra persona se lo lea. . ..a)SI  b)NO
31. Tiene dificultad para concentrarse cuando lee. .................... .. a)SI  b)NO
32. Le resulta dificil leer en voz alta. ......cccceuvueneee ..a)SI  b)NO
33. Le cuesta adquirir NUEVO vOCADUIATIO. .....cuvveiuriieiiiciecii s a)SI b)NO

(Considera que tiene dificultades en alguno de los siguientes aspectos relacionados con la
ESCRITURA?

34. Omite y/o confunde letras al @SCIIDIr. ...t s a)SI  b)NO
35. Omite y/o confunde palabras al @SCIibir. .......ccoooviiriiiiiiiiinicic e a)SI  b)NO
36. Altera el orden de las palabras al eScribir. .......c.ccccovoeviiiiiiiiiiic e a)SI  b)NO
37. Tiene bastantes faltas de Ortografia. .........c.ccccoeoeieeuriiriiiiieicciecc e a)SI b)NO
38. Le cuesta utilizar los signos de puntuacion. ...........c..ceeeeeiiecniriicieieie e a)SI  b)NO
39. Suele mezclar letras mindsculas con mayusculas de forma aleatoria. ........cccocveveerviiriciicnnnnn. a)SI  b)NO
40. Le cuesta escribir de forma fluida y @Xacta. ........cccovuvuevriniciicieciice e a)SI  b)NO
41. Le resulta dificil expresar una idea por eSCrito. ..........ccoeriririreiieiiniiciieieniecc e a)SI  b)NO
42. Tiene dificultad para planificar un trabajo por escrito. .......cccccevrierecnicinieiieiecnceceee. a)SI b)NO
43. Tiene dificultad para organizar un trabajo por Scrito. ..........cccovuviriririeeieircsiniecreeces a)SI  b)NO
44. Le cuesta diferenciar entre nombres, verbos, adjetivos o adverbios al escribir. .........ccccccouc.... a)SI  b)NO
45. Tiene dificultad en el uso de flexiones: singular-plural, tiempos verbales, masculino-femenino...............
a)SI  b)NO

46. Tiene una escritura dificil de leer o ilegible (mala letra). .........ccccoovevorreverimreireieecreercee a)SI  b)NO

(Considera que tiene dificultades en alguno de los siguientes aspectos relacionados con
las MATEMATICAS?

47. Omiten y/o confunde los nimeros al escribirlos. .........cccviiiinininiiiiiiniincceiiic e a)SI  b)NO
48. Confunde los signos matematicos (suma, resta, multiplicacion, etc.). .......ccccoocovuvervicirivincurnnnne. a)SI  b)NO
49. Se le dificulta memorizar las tablas de multiplicar. ..o a)SI  b)NO
50. Tiene dificultades para resolver operaciones amplias. ........c.cccocoeuviiiiniiiininiiinnees a)SI  b)NO
51. Le cuesta terminar de resolver las 0peraciones. .............ccoceeciiininiiininnnceeseans a)SI  b)NO
52. Le resulta dificil entender los enunciados MatemMEtiCoS. .......ceeueueuriririreririreririnerere e a)SI  b)NO
53. Le resulta dificil entender la relacién de variables que muestran las graficas...........cccocvueruunee a)SI  b)NO
54. Le cuesta asimilar la cantidad de vocabulario matematico. .........cocoeeeeerireeenecenecieceeceeeneas a)SI  b)NO
55. Tiene dificultades en el rendimiento en general en las matematicas. .......ccccoovvevereereruernnenne.. a)SI  b) NO

SECCION V: PROCESOS COGNITIVOS. LENGUAJE. Seleccione la respuesta que crea
mas adecuada.

56. Le resulta dificil expresarse en forma oral. ......... .a)SI  b)NO
57. A menudo le cuesta comprender lo que le dicen. .. ..a)SI  b)NO
58. Le cuesta encontrar la palabra correcta al hablar. .. ...a)SI  b)NO

59. Pronuncia mal o usa palabras equivocadas. .........ccccecvuunee. .a)SI  b)NO

60. Le cuesta pronunciar algunos fonemas (sonidos del habla). .........cccccouvevvivericvinriiccicnnne a)SI b)) NO
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MEMORIA. Seleccione la respuesta que crea mas adecuada.

61. Le resulta dificil recordar hechos o acontecimientos pasados. ..........cccccccoveuriecniieiiciniinicciciaes a)SI  b)NO
62. A veces pierde el hilo de la cONVersacion. ... a)SI  b)NO
63. Olvida cosas como citas, fechas importantes o nimeros de teléfono. ..o a)SI  b)NO
64. A veces olvida palabras frecuentes o los nombres de personas conocidas. .........cc.cccevvrvininn. a)SI  b)NO
65. Le cuesta llevar sus cuentas bancarias o seguir el argumento de una pelicula.......................... a)SI  b)NO

MOTIVACION. Seleccione la respuesta que crea més adecuada.

66. Le resultan indiferentes los temas que estudia. ........ccccocveviiiiniciiiiiiniii s a)SI  b)NO
67. A veces le cuesta encontrar motivos para estudiar. ... a)SI  b)NO
68. Le cuesta comenzar a leer un texto relacionado con sus estudios. ........cccooeeeveeeeneneeneeneneeeens a)SI  b)NO
69. Suele pensar que seria mejor abandonar 10s estudios. ..........cccccviiviniiiicicninn e a)SI  b)NO
70. Suele ser indiferente a las noticias o informaciones novedosas relacionadas con sus estudios. ................. a)
SI  b)NO

PERCEPCION. Seleccione la respuesta que crea més adecuada.

71. Le resulta dificil distinguir algunos fonemas (sonidos del habla). .........c.cccccccviviiiinininninnas a)SI  b)NO
72. A veces le cuesta diferenciar cuando le dicen unas palabras de otras............ccccccoeuvcuninines a)SI  b)NO
73. Le resulta dificil distinguir algunas grafias (letras). ..........ccccccoeuveiviiiviniicniiciniiiniciccc a)SI  b)NO
74. Algunas veces tengo dificultades para percibir estimulos visuales. ...........c.cccceeuviriiinnnn a)SI  b)NO
75. Algunas veces tengo dificultades para percibir estimulos auditivos .........c.ccccccocuerirnnnne. a)SI  b)NO

ATENCION. Seleccione la respuesta que crea mas adecuada.

76. Tiene dificultad para escuchar y escribir al mismo tiempo. ..o a)SI b)NO
77. Le cuesta mantener la atencion durante un tiempo prolongado. ..o a)SI  b)NO
78. Le cuesta tener la activacion suficiente para iniciar las tareas académicas. .........ccccccocovurunnee a)SI  b)NO
79. Suele perder el hilo cuando se le realiza una explicacion. ..o a)SI  b)NO
80. Tiene dificultad para atender a los detalles. ...........c.ccooorioiriioiciiiiiiieccceeee a)SI b)NO

ESPACIAL. Indique si le resulta dificil alguna de las siguientes actividades.

81. Usar UN diCCIONATIO. ....cccoirueuiiririeierinieieiere ettt sttt sttt ettt ettt e e et se e sas sesaebenenesne a)SI  b)NO
82, USATI INAPAS. .. ecvviiiiiiiiieiiic s bbb bR a)SI  b)NO
83. Controlar el HEMPO. ... e a)SI  b)NO
84. Organizarse y establecer el orden de prioridad temporal. ........cccccovviviviiiinniiincne, a)SI  b)NO

BLOQUE VI: AFECTIVO. Sefiala la respuesta que crea mas adecuada.

85. Le resulta embarazoso leer en voz alta delante de alguien conocido. ..o a)SI b)NO
86. Suele recordar momentos escolares negativos relacionados con la lectura. ..........cc.cccccoeuueee. a)SI  b)NO
87. Siente que es incapaz de leer adecuadamente. ...........cc.ccccooeiiiiiniiiniiini e a)SI  b)NO
88. Alguna vez se ha sentido mal por su forma de leer. ..........cccooviiviiiniiincc, a)SI  b)NO
89. Alguna vez se ha sentido inferior a los demas por su forma de leer. ...........ccccoovovvvrvrnnnnne. a)SI  b)NO

BLOQUE VII: HABITOS LECTORES. Respecto a sus hdbitos de lectura, sefale la
respuesta que mejor describa su experiencia.

90. (L gUSLA LEET? ....eeiiiiiiiic e a) SI b) NO
91. ;Cuantos libros suele leer al afio?. .......... cocevceureninccueenecrereeereseeenennes a)0 b))l ¢2 d)3 e)mas
92. ;Qué tipo de literatura lee? ... a) Novela  b) Ensayo c) Ciencia ficciéon e)Poesia f) Otros, ;Cuales?

93. ;Qué tipo de prensa ¢ periodico lee? ... a) Gratuita  b) Deportiva c) Nacional d) Internacional
94. ;Lee la prensa 6 perioédico? ......... a) Todos los dias ~ b) 3-4 veces semana  ¢) Fin de semana  d) Nunca
95. ;Lee la prensa en Internet? ........ a) Todos los dias  b) 3-4 veces semana  c) Fin de semana  d) Nunca
96. Suele ver peliculas subtituladas. ..o a) SI b) NO
97. Suele ampliar la informacién buscando en fuentes escritas (internet, enciclopedias, diccionarios, .........a)
SI b) NO

Respecto a sus habitos de escritura, sefiale la respuesta que mejor describa su experiencia.
98. ¢Le USEA @SCIIDIT? ..o a) SI b) NO
.a)SI  b)NO
100. ;Prefiere escribir a mano antes que usar el ordenador? ...........ccovvovvvvueevvivvniiceieiecnnn a) SI b) NO







FELDER-SILVERMAN’S INDEX OF LEARNING STYLES

The following self-report questionnaire contains a list of statements (in Spanish language)
that ask students about their learning styles.

Por favor responda todas las afirmaciones con la respuesta que crea es mds
"7

cercana a su experiencia. Si tanto “a” como “b” le parecen respuestas
correctas, elija la que se aplicaria mds frecuentemente.

1. Entiendo las cosas mejor después de...
(a) probarlas.
(b) pensar en ellas.

2. Me gustaria que me consideraran...
(a) realista.
(b) innovador/a.

3. Cuando pienso en lo que hice antes de ayer, suelo hacerlo como si viera...
(a) una foto.
(b) palabras.

4. tengo tendencia a...
(a) entender los detalles de un tema pero me pierdo en la estructura global.
(b) entender la estructura global, pero me pierdo en los detalles.

5. Cuando estoy aprendiendo algo nuevo, me ayuda...
(a) hablar del tema.
(b) pensar en el tema.

6. Si fuera profesor, preferiria ensefiar un curso sobre...
(a) hechos y situaciones de la vida real.
(b) ideas y teorias.

7. Prefiero obtener informacién nueva a partir de...
(a) fotografias, diagramas, graficas o mapas.
(b) instrucciones escritas o informacién verbal.

8. Una vez entiendo...
(a) todas las partes, entiendo el conjunto.
(b) el conjunto, entiendo coémo encajan las partes.

9. Cuando trabajo en un grupo de estudio con materias dificiles, prefiero...
(a) participar contribuyendo con ideas.
(b) no participar y solo escuchar.

10. Encuentro mas facil...
(a) aprender hechos.
(b) aprender conceptos.

11. De un libro con muchas fotos y mapas, prefiero...
(a) mirar las fotos y los mapas detenidamente.
(b) centrarme en el texto escrito.
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12. Cuando resuelvo problemas de matematicas...
(a) suelo trabajar a mi aire hasta obtener la solucién paso a paso.
(b) con frecuencia suelo mirar las soluciones y luego ensayar para comprender los pasos para llegar a ella.

13. En las clases que he recibido...
(a) Normalmente llegué a conocer a muchos de los estudiantes.
(b) Raramente llegué a conocer a muchos de los estudiantes.

14. Cuando no leo ciencia-ficcion, prefiero...
(a) algo que me ensefie nuevos hechos o me diga como hacer algo.
(b) algo que me proporcione nuevas ideas sobre las que pensar.

15. Me gustan los profesores que...
(a) usan muchos diagramas en la pizarra.
(b) pasan mucho tiempo explicando.

16. Cuando analizo una historia 0 una novela...

(a) pienso en los incidentes y trato de interconectarlos para comprender los temas.

(b) solo se cuales son los temas cuando termino de leer y, entonces, tengo que retroceder y encontrar los
incidentes que los demuestran.

17. Cuando abordo un problema prefiero...
(a) empezar inmediatamente a trabajar en la solucién.
(b) tratar primero de entender totalmente el problema.

18. Prefiero la idea de...
(a) certeza.
(b) teoria.

19. Recuerdo mejor...
(a) lo que veo.
(b) lo que oigo.

20. Para mi es mas importante que un profesor...
(a) distribuya el material en etapas secuencialmente claras.
(b) me proporcione una imagen general y relacione el material con otros temas.

21. Prefiero estudiar...
(a) en un grupo de estudio.
(b) solo.

22. Me gustaria mas que me consideraran...
(a) cuidadoso con los detalles de mi trabajo.
(b) creativo respecto a la manera de hacer mi trabajo.

23. Cuando me indican cémo llegar a un nuevo lugar, prefiero...
(a) un mapa.
(b) instrucciones escritas.

24. Aprendo...
(a) a velocidad casi regular. Si estudio mucho, lo conseguiré.
(b) a saltos. Estoy totalmente confuso/a y de repente se enciende la luz.

25. Prefiero primero...
(a) probar las cosas.
(b) pensar sobre como voy a hacerlas.
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26. Cuando leo por entretenimiento, me gustan los escritores que...
(a) dicen claramente lo que quieren decir.
(b) dicen las cosas de forma interesante y creativa.

27. Cuando veo un diagrama o dibujo, en clase, suelo recordar mejor...
(a) el dibujo.
(b) lo que dijo el profesor sobre él.

28. Cuando se considera un cuerpo de informacion, prefiero...
(a) centrarme en los detalles y perder el esquema total.
(b) tratar de entender el esquema total antes de entrar en los detalles.

29. Recuerdo mas facilmente...
(a) algo que he hecho.
(b) algo sobre lo que he pensado mucho.

30. Cuando tengo que realizar una tarea, prefiero...
(a) dominar una forma de hacerla.
(b) proponer nuevas formas de hacerla.

31. Cuando me muestran datos, prefiero...
(a) mapas o graficos.
(b) texto resumiendo los resultados.

32. Cuando escribo un trabajo, me gusta mas. ..

(a) trabajar (pensar o escribir sobre el inicio) en el comienzo del trabajo y continuar hacia adelante
progresivamente.

(b) trabajar (pensar o escribir sobre las diferentes partes) en las diferentes partes del trabajo y después
ordenarlas.

33. Cuando tengo que trabajar en un proyecto en grupo, primero quiero...
(a) tratar de pensar en él con los demdas miembros del grupo aportando ideas.
(b) tratar de pensar en él individualmente y luego reunirme con el resto del grupo para comparar ideas.

34. Considero un gran cumplido llamar a alguien...
(a) sensitivo.
(b) imaginativo.

35. Cuando conozco gente en una fiesta, suelo recordar mejor...
(a) a quién se parecian.
(b) 1o que decian de ellos mismos.

36. Cuando aprendo un nuevo tema, prefiero...
(a) centrarme en dicho tema, aprender sobre él todo lo que pueda.
(b) tratar de realizar conexiones entre este tema y otros temas relacionados.

37. Prefiero que me consideren...
(a) extrovertido.
(b) reservado.

38. Prefiero cursos que enfatizan...
(a) material concreto (hechos, datos).
(b) material abstracto (conceptos, teorias).

39. Para entretenerme, prefiero...
(a) ver television.
(b) leer un libro.
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40. Algunos profesores comienzan sus clases con un esquema de lo que se dara. Estos esquemas son...
(a) a veces ttiles para mi.
(b) muy ttiles para mi.

41. La idea de hacer trabajo en grupo, con una calificacion tinica para todo el grupo...
(a) me parece buena.
(b) no me parece buena.

42. Cuando estoy haciendo célculos largos...
(a) suelo repetir todos los pasos que he dado y revisar mi trabajo con mucho cuidado.
(b) encuentro cansado tener que revisar mi trabajo, he de esforzarme para hacerlo.

43. Suelo recordar lugares en los que he estado...
(a) con facilidad y con bastante precision.
(b) con dificultad y sin mucho detalle.

44. Cuando estoy resolviendo problemas en grupo, me gustaria mas...
(a) pensar en los pasos del proceso de solucion.
(b) pensar en las posibles consecuencias o aplicaciones de la solucién en un rango grande de areas. NO




BEDA ITEMS

In this appendix the BEDA’s items are presented. These items are group by cognitive
processes, and they were provided to Spanish-speaking university student. Thus, they
are presented in Spanish language as follows:

Procesamiento fonoldgico / Phonological processing

Tarea 1: Segmentacion en silabas
id texto

Popularidad

Concentracién
Horrible
Carruaje
Variabilidad
Carniceria

Compasiéon

Antropologia

O[O |U | |W|IN|~—

Rinoceronte

10 Armonia
11 Responsabilidad
12 Maquinaria

Tarea 2: Namero de silabas
id Texto

Multiplicacion

Cientifico

Educacién

Sobresaliente

Marea
Realidad
Pingiiino
Fiabilidad
10 Importancia

1
2
3
4
5 Comparnia
6
7
8
9

11 Transatlantico

12 Murciélago

Tarea 3: Segmentacion por fonemas
id Texto
Salto
Van
Chal
Clavel
Grapa

Calvo
Chino
Bis
Carpa
Global
Pradera

O | (||| [W[N|~

=
(=]

—_
—_
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id Texto
12 Barco
Tarea 4: Rima general
id texto
3 Dia
4 Don
5 Mas
6 Bar
Tarea 5: Rima Especifica
id texto
PAN
1 son
2 van
con
SON
4 ron
5 las
6 dos
6 don
7 sol
PLAN
9 fan
10 van
11 bar
12 sal
13 mas
DOS
14 los
15 adids
16 col
17 vas
18 don
Tarea 6: Localizacion fonémica
id texto
1 Fan/Fin
2 Cal/Col
3 Pan/San
4 Copa/Lopa
5 Lad/Lod
6 Yul/Yus
7 Par/Pan
8 Dan/Tan
9 Don/Den
10 Den/Des
11 Carta/Marta
12 Pulga/Purga
13 Manta/Monta
14 Mareo/Marea
15 Patata/Patada
Tarea 7: Omision de fonemas
id Texto
1 Di Ponmocher, ahora dila sin decir /pon/.
Di Airden, ahora dila sin decir /air/.
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3 Di Bantoren, ahora dila sin decir /to/.
4 Di Translirtel, ahora dila sin decir /lir/.
5 Di Monsusme, ahora dila sin decir /sus/.
6 Di Tarin, ahora dila sin decir /rin/.

7 Di Bim, ahora dila sin decir /b/.

8 Di Pol, ahora dila sin decir /1/.

9 Di Raf, ahora dila sin decir /r/.

10 Di Plin, ahora dila sin decir /1/.

11 Di Trel, ahora dila sin decir /1/.

12 Di Brel, ahora dila sin decir /1/.

13 Di Vunlip, ahora dila sin decir /v/.

14 Di Admes, ahora dila sin decir /d/.

15 Di Balti, ahora dila sin decir /t/.

16 Di Cilbet, ahora dila sin decir /t/.

Procesamiento ortografico / Orthographic processing

Tarea 8: Eleccion homofono/pseudohomoéfono

id Texto

1 Boske;Bosque

2 Abeja;Aveja

3 Lavabo;Labavo

4 Tiza;Tisa

5 Ombligo;Hombligo

6 Sesta;Cesta

7 Comenzar;Comensar

8 Vola;Bola

9 Merluza;Merlusa

10 Maceta;Maseta

11 Save;Sabe

12 Villansico;Villancico

13 Provocar;Probocar
Tarea 9: Eleccion ortografica

id texto

1 Hojear;Ojear

2 Cien;Sien

3 Tasa;Taza

4 Ola;Hola

5 Bote;Vote

6 Seta;Zeta

7 Vello;Bello

8 Cazo;Caso

9 Hay;Ay

10 Tuvo;Tubo

11 Orca;Horca

12 Sabia;Savia

13 Coser;Cocer

14 Haya;Halla

15 Varon;Barén

16 Vaya;Valla

17 Errar;Herrar

18 Hora;Ora

Acceso al 1éxico / Lexical access

Tarea

10: Lectura de palabras
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id texto

1 Arroz

2 Bodas

3 Cama

4 Comer

5 Gato

6 Ojo

7 Patio

8 Plato

9 Arbol

10 Cine

11 Fuego

12 Grasa

13 Huevos

14 Jugar

15 Largo

16 Leche

17 Abastecernos
18 Adelante
19 Amarilla
20 Apellidos
21 Camisetas
22 Divertirnos
23 Habitacion
24 Plasmado
25 Ascenso
26 Boligrafo
27 Descalzo
28 Funcionar
29 Lagrimas
30 Meridiano
31 Nochebuena
32 Servicios

Tarea 11: Lectura de pseudopalabras
id texto

1 Redas
2 Nate

3 Proce

4 Pona

5 Esco

6 Sunos
7 Alnes

8 Seron

9 Indos
10 Delce
11 Lasda
12 Losmo
13 Vendor
14 Golmar
15 Noslla
16 Troros
17 Genmor
18 Palchos
19 Polton
20 Ritgo
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id texto

21 Tesgro

22 Dulle

23 Brufas

24 Lartia

25 Pomacos
26 Sucires

27 Jomanto
28 Delnico

29 Bocueto

30 Protuto

31 Socanos

32 Codidas
33 Setudad
34 Unsiles

35 Inbiles

36 Portuto

37 Renpertal
38 Talgunbros
39 Linsosrial
40 Mestruyen
41 Biocamcir
42 Barcurcaz
43 Puertindor
44 Benmacer
45 Choflegio
46 Berciclas
47 Dosglubis
48 Dengelio

Velocidad de procesamiento / Processing speed

Tarea 12: Velocidad visual

id texto
1 poi7
2 dgru
3 c69g
4 yjft

5 ZXCV
6 gtyu
7 hklo
8 lij7

9 9pok
10 uyvw
11 tf11
12 r48b
13 e3fz
14 qad9
15 qwer
16 qasd
17 2szc
18 esdd
19 ZXCV
20 69pq
21 tyfg
22 poiu

N
[68)

Klji
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id texto
24 mnhg
25 uyvb
26 1kji
27 8brf
28 3efc
29 bght
30 drgb
31 1j71
32 g69b
33 t7fz
34 89bw
35 xcvb

Memoria de trabajo / Working memory

Tarea 13: Codificacion ortografica expresiva

id texto

1 Plin

2 Tarin

3 Ponmocher
4 Trel

5 Airden

6 Blin

7 Treles

8 Vunlip

9 Barten

10 Cilbet

11 Bantoren
12 Monsusme
13 Clina

14 Mero

15 Liposos

16 Pros

17 Criola

18 Tiernel

Procesamiento semantic / Semantic processing

Tarea 14: Primera lectura
id texto
1 ;Qué nombre reciben las hipétesis sobre el surgimiento de vida en la Tierra?
2 ;Cual de la hipdtesis sobre el surgimiento de la vida tiene mayor apoyo por parte de los
cientificos?
3 ;En qué se diferencian fundamentalmente las hipétesis sobre el surgimiento de la vida?
4 ;Hace cuanto se estima que comenzd la vida en la Tierra?
5 ;Cuando comenzo la vida en la Tierra?
6 ;Qué fue lo que proporcionaron las primeras lluvias que suministrd el caldo de cultivo para
el surgimiento de la vida?
7 ;Qué ayudo a desencadenar las reacciones quimicas produciendo moléculas mas complejas?
8 ;Qué propiedades podria tener “el replicador”?
9 ;Qué molécula ha reemplazado al replicador?
10 ;Qué tienen en comun todas las formas de vida?
Tarea 15: Segunda lectura
id texto
1 ;Qué es la lingiiistica?
(En qué se diferencia la lingiiistica tedrica de la aplicada?
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;Qué les facilité a los neogramaticos el conocimiento del sanscrito?

[

La distincion entre lengua (el sistema) y habla (el uso) y la definicién de signo lingiiistico
(significado y significante) han sido fundamentales para:

;Qué idea es la fundamental del generativismo?

Desde el generativismo la perspectiva lingiiistica es considerada como:

(Qué escuela lingiiistica toma fuerza a finales del siglo XX?

;Qué idea fundamental defiende la escuela funcionalista?

NeR e RN} Ko R N&]

La figura mas relevante dentro de la escuela funcionalista es:

Las escuelas que configuran el panorama actual de la lingiiistica son:







BEDA ITEMS AFTER DEBUGGING

In this appendix the BEDA’s items after debugging are presented. These items are group
by cognitive processes. They are presented in Spanish language as follows:

Procesamiento fonoldgico / Phonological processing

Tarea 1: Segmentacion en silabas
id texto

Popularidad

Concentracién
Horrible
Carruaje
Variabilidad
Carniceria

Compasién

Antropologia

O[O | |U [ |W|N|~—

Rinoceronte

[
o

Armonia

—_
—_

Responsabilidad

—_
N

Magquinaria

Tarea 2: Namero de silabas
Texto

=

Multiplicacion

Cientifico

Educacién

Sobresaliente

Compania

Marea

Pingiiino
Fiabilidad
Importancia

olw|Na|u|e|w|[]=

10 Transatlantico

11 Murciélago

Tarea 3: Segmentacion por fonemas
id Texto
Salto
Van
Chal
Clavel
Grapa

Calvo
Chino
Bis
Carpa
Global
Pradera

O | [(N|N[O | [W|N|~

=
(=]

—_
—_

—_
N

Barco
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Tarea 4: Rima general
id texto
3 Dia
4 Don
5 Mas
6 Bar
Tarea 5: Rima Especifica
id texto
PAN
1 son
2 con
SON
3 dos
4 don
5 sol
PLAN
6 van
DOS
7 don
Tarea 6: Localizacion fonémica
id texto
1 Fan/Fin
2 Cal/Col
3 Pan/San
4 Lad/Lod
5 Yul/Yus
6 Dan/Tan
7 Don/Den
8 Pulga/Purga
9 Mareo/Marea
10 Patata/Patada
Tarea 7: Omision de fonemas
id Texto
1 Di Ponmocher, ahora dila sin decir /pon/.
2 Di Airden, ahora dila sin decir /air/.
3 Di Bantoren, ahora dila sin decir /to/.
4 Di Translirtel, ahora dila sin decir /lir/.
5 Di Monsusme, ahora dila sin decir /sus/.
6 Di Tarin, ahora dila sin decir /rin/.
7 Di Bim, ahora dila sin decir /b/.
8 Di Pol, ahora dila sin decir /1/.
9 Di Raf, ahora dila sin decir /r/.
10 Di Plin, ahora dila sin decir /1/.
11 Di Trel, ahora dila sin decir /r/.
12 Di Brel, ahora dila sin decir /1/.
13 Di Vunlip, ahora dila sin decir /v/.
14 Di Admes, ahora dila sin decir /d/.
15 Di Balti, ahora dila sin decir /t/.
16 Di Cilbet, ahora dila sin decir /t/.

Procesamiento ortografico / Orthographic processing

Tarea 8: Eleccion homéfono/pseudohomofono

[id

| Texto

|
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Abeja;Aveja

Lavabo;Labavo

Tiza;Tisa

Ombligo;Hombligo

Merluza;Merlusa

Villansico;Villancico

N[N |G [ ]|W[(N|=

Provocar;Probocar

Tarea

9: Eleccidn ortografica

o

texto

Hojear;Ojear

Tasa;Taza

Bote;Vote

Vello;Bello

Cazo;Caso

Tuvo;Tubo

Orca;Horca

Sabia;Savia

O | (I |N|T [ |W[IN|-

Haya;Halla

—_
(=]

Varén;Baron

—_
—_

Vaya;Valla

—_
N

Errar;Herrar

Acceso al 1éxico / Lexical access

Tarea 10: Lectura de palabras

id texto

1 Gato

2 Huevos

3 Abastecernos

4 Camisetas

5 Ascenso

6 Meridiano

7 Servicios
Tarea 11: Lectura de pseudopalabras

id texto

1 Esco

2 Alnes

3 Indos

4 Delce

5 Lasda

6 Losmo

7 Troros

8 Polton

9 Ritgo

10 Tesgro

11 Dulle

12 Lartia

13 Pomacos

14 Bocueto

15 Unsiles

16 Portuto

17 Linsosrial

18 Mestruyen

19 Biocamcir

20 Barcurcaz
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id texto
21 Puertindor
22 Benmacer

23 Choflegio
24 Dosglubis
25 Dengelio

Velocidad de procesamiento / Processing speed

Tarea 12: Velocidad visual

id texto
1 c69g
2 yjft

3 ZXCV
4 hklo
5 1ij7

6 9pok
7 uyvw
8 r48b
9 e3fz
10 2szc
11 esdd
12 ZXCV
13 69pq
14 tyfg
15 poiu
16 Kklji
17 mnhg
18 uyvb
19 1kji
20 8brf
21 3efc
22 bght
23 drgé
24 1j7i
25 g69b
26 t7fz
27 xcvb

Memoria de trabajo / Working memory

Tarea 13: Codificacion ortografica expresiva

id texto

1 Plin

2 Tarin

3 Ponmocher
4 Trel

5 Airden

6 Blin

7 Treles

8 Vunlip

9 Cilbet

10 Bantoren
11 Monsusme
12 Clina

13 Liposos

14 Pros
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15 Criola
16 Tiernel

Procesamiento semantic / Semantic processing

Tarea 14: Primera lectura

id texto

1 ;Qué nombre reciben las hipétesis sobre el surgimiento de vida en la Tierra?

2 ;Cual de la hipdtesis sobre el surgimiento de la vida tiene mayor apoyo por parte de los
cientificos?

3 (En qué se diferencian fundamentalmente las hipdtesis sobre el surgimiento de la vida?

4 ;Hace cuanto se estima que comenzo la vida en la Tierra?

5 ;Cuando comenzo la vida en la Tierra?

6 ;Qué fue lo que proporcionaron las primeras lluvias que suministré el caldo de cultivo para

el surgimiento de la vida?

7 ;Qué ayudo a desencadenar las reacciones quimicas produciendo moléculas mas complejas?
8 ;Qué propiedades podria tener “el replicador”?

9 ;Qué molécula ha reemplazado al replicador?

10 ;Qué tienen en comun todas las formas de vida?

Tarea 15: Segunda lectura

id texto

1 ;Qué es la lingiiistica?

2 (En qué se diferencia la lingiiistica tedrica de la aplicada?

3 ;Qué les facilit a los neogramaticos el conocimiento del sanscrito?

4 La distincién entre lengua (el sistema) y habla (el uso) y la definicién de signo lingiiistico

(significado y significante) han sido fundamentales para:

;Qué idea es la fundamental del generativismo?

Desde el generativismo la perspectiva lingiiistica es considerada como:

;Qué escuela lingiiistica toma fuerza a finales del siglo XX?

;Qué idea fundamental defiende la escuela funcionalista?

O (0 |||

La figura mds relevante dentro de la escuela funcionalista es:

10 Las escuelas que configuran el panorama actual de la lingtiistica son:
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