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Chapter 1

"Instruction begins when you, the teacher, learn from the learner. Put yourself in his place so that you may understand what he learns and the way heàu de sta dsàit

[Kierkegaard]

Introduction

Along with the innovations in Information Technologies (IT), large perspectives for developing new educational scenarios are emerging. These scenarios allow us to profoundly modify the traditional pedagogic models by using flexible and adaptable IT tutors as teaching resources and as teaching tools. The use of electronic media (emedia) in education can significantly enhance and support the learning process. A person can acquire new knowledge in a more flexible and adaptable way than with traditional methods. Innovative elements can be introduced to help students consolidate the subjects studied in class and efficiently improve their learning process.

Theàp o le àliesài àtheàITàtuto sàa ilit àtoàadaptàhi selfàto the prior knowledge and to the psychosocial characteristics of a particular student. We must picture this change in terms of integration and complementarities between the vast resources offered by IT and the student. We need to create environments which support the development of individuals with different skills by using these powerful tools provided by IT. Certainly not all of these things are possible in the real world (at this time). But we can imagine a form of personalization that aims to provide to everyone the right information at the right time in the right place. And, of course, if the student's preferences and interests change, the IT tutor adapts to suit them.

Regarding learning, not everyone learns in the same way as each person has a particula àsetàofàlea i gàa ilities.àEdu atio alà esea hàtellsàusàthatà o eàsizeàdoesà otà fitàall à 'eigeluth,à àa dàthatàtheàlea i gà ha a te isti sàofàstude tsàdiffe à Ho e à [START_REF] Honey | Using your Learning Styles: Peter Honey[END_REF]. It suggests that students learn differently, they process and represent knowledge in different ways, and they prefer to use different types of resources. However, most educational systems have ignored individual differences that exist between learners, such as the learning ability, background knowledge, learning goals and learning style [START_REF] Ford | Matching/mismatching revisited: an empirical study of learning and teaching styles[END_REF]. Educational systems generally provide a unique and standardized teaching material to all students which tend to benefit those whose learning style and background knowledge fits well with the teaching material.

&
This dissertation deals with the topic of adaptive pedagogy and personalized teaching methods. It is based on the fact that students learn more effectively when instruction is adapted to the way they learn (Rasmussen& [START_REF] Rasmussen | Hypermedia and learning styles: Can performance be influenced?[END_REF]. Our goal is combining electronic media and teaching strategies according to student psychological profiles. In this dissertation, we describe the design of a personalized teaching method that is based on an adaptive framework for matching e-media and teaching strategies with Felder and Silverman's learning styles.

In this introductory chapter we present the general research agenda. Section 1.1 describes the motivation of our research. Section 1.2 defines the research questions and approaches. Section 1.3 presents an outline of this dissertation.

Motivation, background and history

This research brings together two disciplines: e-learning tools (electronic media), as a research topic in computer science, and learning and teaching styles an educational psychology topic. We will start by showing why our choice for understanding of learning styles can be used to identify and implement better teaching and learning strategies (Felder & Soloman, 1993;[START_REF] Coffield | Learning styles and pedagogy in post -16 learning: A systematic and critical review, Learning and Skills Research Center Report[END_REF]. Learning styles have also been shown to have an impact on the effectiveness of online learning [START_REF] Allert | A companion technology approach to CS1: Handheld computers with concept visualization software[END_REF][START_REF] Carver | Enhancing Student Learning Through Hypermedia Courseware and Incorporation of Student Learning Styles[END_REF].

Learning styles

The nature of learning styles (LS) is studied by educational psychology and especially cognitive psychology. Learning style is seen as a broader construct, which includes cognitive along with affective and psychological styles [START_REF] Keefe | Learning Style: an Overview. NASSP's Student learning styles: Diagnosing and prescribing programs[END_REF]. Learning styles have been studied mostly together with practical applications [START_REF] Liu | Cognitive Styles and Distance Education[END_REF].

Theàdefi itio àofàlea i gàst lesàa eptedà àtheàleadi gàtheo istsàisà elatively stable indicators of how a learner perceives, interacts with and responds to the learning environment" [START_REF] Keefe | Learning Style: an Overview. NASSP's Student learning styles: Diagnosing and prescribing programs[END_REF]. In this dissertation, we will refer to the learning styles defi itio à p oposedà à Felde à a dà "il e a à asà theà ha a te isti s,à st engths and p efe e esà i à theà a àpeopleà e ei eà a dàp o essà i fo atio à Felde à &à "il e a à 1988). It refers to the fact that every person has his/her own method or set of strategies when learning.

Experiments in educational settings show that matching/mismatching a user's learning styles with the design of an instruction can be an important factor with regard to learning outcome. A number of studies indicate that the user's performance is much better if the teaching methods are matched to the user's learning styles [START_REF] Chen | Cognitive Styles and Hypermedia Navigation: Development of a Learning Model[END_REF]. And recent research on the learning process has shown that students tend to learn in different ways and that they prefer to use different teaching resources as well [START_REF] Felder | Learning and Teaching Styles in Engineering Education[END_REF]. Many researchers agree on the fact that learning ate ialsàshould tàjustà efle tàtheàtea he sàst le,à utàshouldà eàdesig edàfo àallàki dsà of students and all kinds of learning styles [START_REF] Dagger | An Architecture for Candidacy in Adaptive eLearning Systems to Facilitate the Reuse of Learning Resources[END_REF][START_REF] Felder | Learning and Teaching Styles in Engineering Education[END_REF]Paredes & Rodriguez, 2002). Even though they agree on the importance of applying these learning styles to different learning systems, various problems still need to be solved, such as matching teaching contents with the student's learning style.

Teaching strategies

Teaching strategies (TS) are the elements given to the students by the teachers to facilitate a deeper understanding of the knowledge. The emphasis relies on the design, programming, elaboration and accomplishment of the learning content. Teaching strategies must be designed in a way that students are encouraged to observe, analyze, express an opinion, create a hypothesis, look for a solution and discover knowledge by themselves. Teaching strategy can refer for example to an organized and systematized sequence of activities and resources that teachers use while teaching.

The main objective is to facilitate the students´ learning.

One crucial aspect of our research is the integration of electronic media with teaching strategies, due to the informational technology breakthroughs that allow us to use a variety of them. On the other hand, we need to link such teaching strategies with the o eptàofàlea i gàst les,àso ethi gàthatàhas tà ee àe ploitedàtoàtheàe te tàthatàisà intended here. The teaching strategies used in this dissertation are: games and simulations, learning based on problem solving, role playing, presentation, discussion panel, brainstorming and case study.

Electronic media (e-learning tools)

Electronic media (e-media) deals with the topic of electronic and the topic of media. In communication, media (singular medium) are the storage and transmission tools used to store and deliver information or data. It is often referred to as synonymous with mass media or news media, but may refer to a single medium used to communicate any data for any purpose. Electronic media is media that use electronics or electromechanical energy for the end user (audience) to access the content. This is in contrast to static media (mainly print media), which are most often created electronically, but don't require electronics to be accessed by the end user in the printed form. The primary electronic media sources familiar to the general public are better known as video recordings, audio recordings, multimedia presentations, slide presentations, CD-ROM and Online Content. Throughout this dissertation, we will use theàte à ele t o i à edia àtoà o e à"We à . "àplatfo sà hi hàa eà ha a te izedàasà facilitating communication, information sharing, interoperability, user-centered design and collaboration on the World Wide Web [START_REF] Tim | radar.oreilly[END_REF]. Examples include socialnetworking sites, video-sharing sites, wikis, blogs, mashups and folksonomies.

In every teaching process, the tools used play an important role. In traditional classrooms, blackboards and books are generally used. The importance in this matter is that the tools regulate and condition the rest of the curricular components, such as: objectives, content, strategy, activities. At the same time, these components allow the selection of the right tools that make possible the definition of the course and the realization of the goal.

Th oughoutà thisà disse tatio à eà illà useà theà te sà ea s à a dà edia à interchangeably. We concentrate on ou à defi itio à ofà edia,à hi hà isà a à ate ialà made with the intention to support, transmit and/or facilitate teachinglearning p o esses,à hethe ào à otàitàhasàaàtea hi gàpu pose ,àthusà eà o tà akeàaàdiffe e eà between mean and resource. In order to give a solution for the raised challenges of personalizing the learning process according to the student learning style, we will only take care of electronic media. Therefore, the definition of electronic media in the lea i gà o te tà isà a à ele t o i à de i eà thatà suppo ts,à t a s itsà a d/o à fa ilitatesà teachinglearning processesà ithàaàtea hi gàpu pose .à

Connection between learning styles, teaching styles and electronic media

In the context of Information Technology evolution and the availability of large number of electronic media, the idea of matching e-media with appropriate teaching and learning styles has been explored since the late 90's. It means deploying resources to support the learning process in a way that not only suits the characteristics of a few, but that adapts to the characteristics of each student. There are many studies on the effectiveness of combining e-learning tools with learning styles in educational systems [START_REF] Najjar | Multimedia information and learning[END_REF][START_REF] Liao | Effects of hypermedia on students' achievement: A meta-analysis[END_REF]. They attempt to associate specific e-media characteristics to different categories of learners and propose instruments and methods for assessing learning style [START_REF] Riding | Cognitive Styles and Learning Strategies[END_REF]. Most of these studies rely on Kolb's Learning Styles Inventory (LSI) [START_REF] Kolb | Experiential Learning: Experience as the Source of Learning and Development[END_REF]) and Soloman-Felder Index of Learning Styles (ILS) (Soloman, & Felder, 1993).

However, very few researchers give an idea of which appropriate combinations of electronic media and learning styles are more effective than others. Electronic media can be used in different ways to implement different teaching strategies which can be matched with different learning styles. For example, a discussion forum can be used in different ways. It can be used to assign a practical task to students in such a way that students solve the assigned problem in a collective way. This fits well with a sensitive learning style. The discussion forum can also be used to give a sequential series of theoretical presentations to students who can interact with the teacher. The sequence of presentations associated with the corresponding discussion is an adequate teaching material for sequential style students.

The introduction of e-media in formal educational systems provides a number of possibilities for curriculum development. It also implies difficulties that cannot be ignored. Among them we have: the knowledge or ignorance of means, how to consistently incorporate the e-media in the educative and learning processes, which ustà eàtheàedu ato sà oleàa dà hi hàst ategiesàa eàtoà eàusedài àtheàsele tio àa dà design of materials in order to develop the learning capabilities based on these electronic media.

In our opinion it would be useful to give an answer to these difficulties by providing the teacher with a guide for the selection of suitable electronic means for the teaching st ateg àa o di gàtoàtheàstude t sàlea i gàst le.àBasedào àthat,àfor each learning style there is one or many appropriate teaching strategies which may be combined by one or many electronic means.

This dissertation analyzes the possibilities of providing support for the creation of teaching methods and environments that use the vast resources offered by IT in such a way to adapt teaching material and strategies to the learner's skills and learning style.

Research questions and approaches

This dissertation addresses the following research questions:

Research question 1: Is it helpful for a student in a course to learn and acquire knowledge using his/her particular learning style and e-media combined in a learning system? We explored some basic ideas concerning the matching of e-media and learning styles in the context of an experimental e-learning system. In order to suggest that, we indeed created a system that evaluated the learning style(s) of a student alledà his/he à p ofile ,à at hedà ou seà o te tà ithà theà o espo di gà stude tà profile (stored in a database), created specific teaching material (e-media material) for the student and use the system to validate the approach with engineering students.

To address this question we invited Computer Science, Business Engineering, Industrial Engineering, and Telematics Engineering Students in the 2006 introductory programming course at ITAM in México City to participate in our study. Twenty six students had three hours of lectures each week. The course was based on teaching the C Programming Language. At the beginning the Felder -Solomon Index of Learning Styles Instrument was applied to determine the students individual learning styles. The ou seà tookà pla eà du i gà theà stude ts à fi stà se este .à Theà lea i gà st leà I st u e tà was integrated into the system, and all of the students answered the test. The student used the system with the selected material depends of his/her learning style during the course and at the end of the semester we analyzed the results. The student used the system, with selected material according to his/her learning style, during the course and at the end of the semester we analyzed the results.

This experiment showed the feasibility of our approach and we concluded that it is possible to introduce personalization techniques based on learning styles and electronic media. The system was well accepted by students, even if the matching was limited to only two learning styles and one teaching strategy, so we found several problems: which is the correct e-media material for each learning styles? Are the teaching strategies important to that selection? Therefore, we have continued with a different approach and decided to concentrate on generating a framework for matching the learning styles and electronic media together with the teaching strategies. Consequently, we considered two more research questions regarding this:

Research question 2: Can we create a framework for integrating teaching strategies, learning styles and electronic media? The answer to research question 2 will make a connection between the learning styles and their representation in adaptive media. We analyzed and connected the recommendations from psychological and computer science research. We investigated how other researchers tried to incorporate the learning styles. Thus we presented a general framework for combining and adapting teaching strategies, learning styles and electronic media. It also suggests the suitable electronic media as a channel for the material representation, hence personalizing it to every student. This framework has been constructed based on literature review, previous findings and our own experiences with Soloman -Felder learning style theory and usage of e-media. It has been confirmed approved through an expert panel using theàDelphià ethodà hi hà asàheldàdu i gàtheà IIIàCo g esoàdeàEstilosàdeàáp e dizaje à at Cáceres (Spain) in July 2008.

This framework has been tested on an undergraduate computer science course in 2008 with 30 Computer Science, Business Engineering, Industrial Engineering, and Telematics Engineering students. First results showed that a majority of students had a better assimilation of knowledge and that students positively appreciated the personalized pedagogical material proposed in the course.

Next, we wanted to generalize the usage of this framewo kà toà othe à stude t sà programs not only for engineering students. Therefore the next question is:

Research question 3: to which extent is it possible to validate and to generalize this framework? This research question addressed the following objectives in a comparative mode:

 Identification of learning styles for undergraduate engineering, economic, business, mathematics, law, accounting students and their correlation with teaching strategies, with electronic media, and with individual and course performance;  Identification of electronic media and their correlation with teaching strategies;  Examination of the association between teaching style and learning style.

To answer question 3, we conducted a series of questionnaires to 726 students in Computer Science, Business Engineering, Industrial Engineering, Telematics Engineering, Business Administration, Economics, Public Accounting and Financial Strategy, Actuarial Science and Applied Mathematics, International Relation and Law programs in order to generalize and validate the matching framework using statistical methods.

We found similar correlations with the comparison of teaching strategies and learning styles and also between electronic media and learning styles that we obtained from the Delphi expert panel.

Outline of the dissertation

This dissertation consists of six chapters. In chapter 1 we introduced the topic and context of our research and outlined the main research questions. Chapter 2 presents, first, general information about learning styles and emphasizes those learning style that, according to psychological researchers, have possible implications for pedagogy; second, the chapter presents definitions of teaching strategies; to end with an overview of e-media and adaptive hypermedia systems. Chapter 3 starts by addressing research question 1, providing a list of design-requirements for an experimental system; it provides an answer by presenting the design and implementation of such a tool, furthermore, the chapter pays attention to the results and to the complications found. Chapter 4 answers research question 2. To make a connection between the learning styles and their representation in adaptive media we analyze the recommendations from psychological and computer science research. We present a general framework for combining and adapting teaching strategies, learning styles and electronic media and the results of approach validation performed by Delphi expert panel. Chapter 5 answers research question 3. The chapter describes the statistical methods used to validate the matching framework and generalize it. And finally, chapter 6 gives a summary of the main results and indicates some directions for future research.

Learning styles, teaching strategies and e-media theory

In this chapter we introduce the field of learning styles, teaching strategies and emedia. We focus on those learning styles that (according to psychological research) can potentially apply to adaptive Web-based settings, the general teaching strategies and e-media. Section 2.1 discusses the introduction to these topics. Section 2.2 discusses the origins of the learning styles theory. Section 2.2.1 provides definitions of the terms cognitive and learning styles. Section 2.2.2 reviews a number of learning style models, involving thei àpote tialài pli atio sào àadaptatio àpu poses.à"e tio à . . àp ese tsàtheàKol sà lea i gàst lesài e to .à"e tio à . . àp ese tsàHo e àa dàMu fo d sàlea i gàst lesà uestio ai e.à "e tio à . . à p ese tsà Felde à a dà "il e a sà index of learning styles.

Section 2.3 discusses the definitions of the teaching strategies and discusses the problems connected with assessing the teaching styles of users. Section 2.4 discusses the definitions of the e-media and e-learning tools. Section 2.4 summarizes the chapter.

Introduction

How can we teach students if we do not know how they learn? Are the learning difficulties of so many students better understood than the teaching problems of tutors? The electronic media is a tool for the learner or for the teacher?

University students enormously vary concerning to velocity, the way of gathering new information, and knowledge application on new events. Students learn in very diffe e tà a s.à Fo à i sta e,à let sà a al zeà so eà stude ts à pa ti ula à p eference in learning C language. Some rather listen to a recording that explains the starts of C language programming (verbal learners), some read a C programming tutorial (visual learners), some start with direct practice right away (active learners) while others need to see a number of examples before writing any code (reflective learners).

Surely there are so many ways to teach as there are to learn. Some teachers only dictate their traditional lesson as in conference, others give some examples to apply their knowledge, others incite the students to participate in discussions, and some focus on the material memorizing [START_REF] Felder | Learning and Teaching Styles in Foreign and Second Language Education[END_REF].

It has been widely documented and recognized that success in the classroom depends not only on the intellectual abilities, skills, and talents of the student, but also on the stude t sà lea i gà st leà Kol ,à .à Lea i gà st lesà a eà a à i po ta tà a ia leà i à processing cognitive information [START_REF] Davidson | Matching learning styles with teaching styles: Is it a useful concept in instruction? Performance & Instruction[END_REF][START_REF] Kolb | Experiential Learning: Experience as the Source of Learning and Development[END_REF][START_REF] Rasmussen | Hypermedia and learning styles: Can performance be influenced?[END_REF]. More specifically, learning styles refers to how individuals learn in terms of their perceptions, processes, and preferences [START_REF] Kolb | Experiential Learning: Experience as the Source of Learning and Development[END_REF].

Over the years, educators have recognized the importance of learning styles for students as well as teachers and have incorporated a variety of teaching and learning methods and strategies in their pedagogy [START_REF] Ronchetto | Multimedia delivery systems: a bridge between teaching methods and learning styles[END_REF][START_REF] Wynd | Student learning style: a segmentation strategy for higher education[END_REF]. Moreover, the 21st Century brings to the classroom a vast array of technologies including CD-ROM, videotapes, multimedia presentation software, World Wide Web (www) discussion forums, and the Internet. The main role of instructional technologies in higher education is to further effective learning methods and teaching pedagogies in ways that are not possible by using traditional classroom methodologies.

With this increasing interest in instructional technologies and it is integration into the curriculum, there has been a growing concern among educators regarding the effectiveness of these tools to meet the needs of the students [START_REF] Brouwer | Hold on a minute here: What happened to critical thinking in the information age[END_REF][START_REF] Grasha | Teaching with style: Enhancing learning by understanding teaching and learning styles[END_REF][START_REF] Jonassen | Transforming learning with technology: Beyond modernism and post-modernism or whoever controls the technology creates the reality[END_REF][START_REF] Rintala | Computer technology in higher education: An experiment, not a solution[END_REF].

At the same time, other experiments show that for more able users mismatching learning materials to learning styles may be advantageous as it encourages users to develop learning strategies that could cope with a wider range of materials and experiences in the future [START_REF] Holodnaya | Cognitive Styles: About the Nature of Individual Mind[END_REF]. There are also a number of studies that do not show any significant difference between the learning outcomes while matching or mismatching design of an instruction with learning styles [START_REF] Hayes | Matching Learning Style and Instructional Strategy: an Application of the Person-Environment Paradigm[END_REF][START_REF] Coffield | Learning styles and pedagogy in post -16 learning: A systematic and critical review, Learning and Skills Research Center Report[END_REF].

Other issues that are often discussed in relation to instructional technology integration are whether or not these technologies are using some pedagogical and/or learning theory principles [START_REF] Ahola-Sidaway | Fostering pedagogical soundness of multimedia learning materials[END_REF][START_REF] Grasha | Integrating teaching styles and learning styles with instructional technology[END_REF].

In the following section we look at existing definitions of learning styles provided by different theorists.

Learning styles

People perceive and acquire knowledge in different ways, have ideas and think in different ways and act differently. Moreover, people have preferences to certain cognitive strategies that help them give meaning to new information. The term learning style refers to those who preferred strategies are, more specifically, ways to collect, interpret, organize and think about new information [START_REF] Gentry | Using Learning Style Information to Improve the Core Financial Management Course, Financial Practice and Education[END_REF].

Definitions of learning styles

One of the oldest learning styles definitions according to [START_REF] Keefe | Learning Style: an Overview. NASSP's Student learning styles: Diagnosing and prescribing programs[END_REF] is a composition of cognitive characteristics, affection and psychological factors that serve as standard indicators of how a student perceives, interacts and responses to the learning environment. At the same time, [START_REF] Gregorc | Learning/Teaching Styles: Potent Forces Behind Them[END_REF] proposes them as distinctive behaviours that serve as indicators of how a person learns and adjusts to his/her environment; immediately, [START_REF] Kolb | Experiential Learning Theory and the Learning Style Inventory: a Reply to Freedman and Stumpf[END_REF] defines them as preferences of an adjustment method above others, but this preference do not exclude the other methods, and can vary from one situation to another; a bit later, [START_REF] Honey | The manual of Learning Styles[END_REF] exhibit the definition as a description of behaviors and attitudes that determine individual learning preferences; Vermunt (1996) explains that they are a consistent group of learning activities that students tend to employ, in the orientation and mental learning model (See Table 2.1).

In most cases the cognitive terms styles and learning styles are used indifferently by some theorists but there is still a difference between them, cognitive styles mostly refer to cognitive activities (talk, think, perceive and remember), not its content. In general cognitive styles are more theoretical, in relation to academic investigation meanwhile learning styles are more related to practical applications [START_REF] Liu | Cognitive Styles and Distance Education[END_REF]. According to [START_REF] Riding | Cognitive Styles -an Overview and Integration[END_REF] the learning styles are better known as an extension of cognitive styles to distinguish the act of learning from the simply treatment of information.

However, there is a distinction missing between the styles and the capacities. According to Sternberg (1999) capacity refers to how good someone can do something. Style refers to how someone likes something. Therefore, a style is the p efe edà a àofàusi gào e sàa ilities;à eàdoà otàha eàaàst le,à utàaàp ofileàofàst les.à

In this dissertation the definition of learning style we take as a base is, according to Felder y Silverman (1988), the characteristics, strengths, and preferences in the way people takes and process information, that is to say, it refers to the fact that each person has its own method and group of strategies while learning. 

1988

Felder & Slverman

The characteristics, strengths, and preferences in the way people takes and process information, that is to say, it refers to the fact that each person has its own method and group of strategies at the time of learning.

1991

Riding & Cheema

An extension of cognitive styles for distinguishing the act of learning from the simply treatment of information.

1992

Honey & Mumford

A description of behaviors and attitudes that determine individual learning preferences.

1992

Dunn

The way each learner begins to concentrate, process, and retain new and difficult information 1996 Vermunt They are a consistent group of learning activities that students tend to employ, in the orientation and mental learning model.

1999

Sternberg "t leàisàtheàp efe edà a àofàusi gào e sàa ilities;à eàdoà otàha eàaà style, but a profile of styles. 

Overview of learning styles models

As a basis for our review we took the latest major report on learning styles theory provided by a team from Newcastle University, UK in 2004 [START_REF] Coffield | Learning styles and pedagogy in post -16 learning: A systematic and critical review, Learning and Skills Research Center Report[END_REF]. The report states that Mitchell [START_REF] Mitchell | Learning Style: a Critical Analysis of the Concept and Its Assessment[END_REF] claimed there were over 100 learning style models. However Coffield et al. found only 71 of them worth consideration. This report reviews the most influential and potentially influential models and instruments of learning styles and their accompanying literatures with a particular focus on validity, reliability and practical application. The main models chosen for detailed study are as follows:

 álli so àa dàHa es àCog iti eà"t lesàI de à C"I  ápte sàMoti atio alà"t leàP ofileà M"P  Dunn and Dunn model and instruments of learning styles  E t istle sàápp oa hesàa dà"tud à"killsàI e to àfo à"tude tsà á""I"T  G ego sàMi dà"t lesàModelàa dà"t leàDeli eato à G"D  He a sàB ai àDo i a eàI st u e tà HBDI

 Ho e àa dàMu fo d sàLea i gà"t lesàQuestio ai eà L"Q  Ja kso sàLea i g Styles Profiler (LSP)

 Kol sàLea i gà"t leàI e to à L"I  Myers-Briggs Type Indicator (MBTI)

 'idi g sàCog iti eà"t lesàá al sisà C"á  "te e g sàThi ki gà"t lesàI e to à T"I  Ve u t sàI e to àofàLea i gà"t lesà IL" .

Coffield organizes them in learning style families (see Figure 2-1), the one we will address in this article is the learning styles flexibly stable learning preferences, and for our specific purpose we will only explain the ones that have been underlined (see Figure 2-1), (Quoted from [START_REF] Coffield | Learning styles and pedagogy in post -16 learning: A systematic and critical review, Learning and Skills Research Center Report[END_REF])): In this group, Coffield's report places the models where authors consider that learning st leà isà otà aà fi edà t ait,à utà aà diffe e tialà p efe e eà fo à lea i g,à hi hà ha gesà slightly from situation to situation. At the same time, there is some long-term stability in learning style" [START_REF] Kolb | Facilitator's Guide to Learning[END_REF]. This model of learning styles classifies students according to a scale that reflects the way they receive and process information. While there is a number of learning style assessment tools and methodologies [START_REF] Coffield | Learning styles and pedagogy in post -16 learning: A systematic and critical review, Learning and Skills Research Center Report[END_REF], two similar assessment instruments are predominant in science and e gi ee i gà edu atio à Kol sà Lea i gà "t lesà I e to à L"I à Kol ,à à a dà theà Soloman -Felder Index of Learning Styles (ILS) (Felder & Soloman, 1993).

We present here Kolb's Learning Style Inventory (LSI), Honey and Mumford's Learning Styles Questionnaire (LSQ) and the Felder-Silverman model.

Kolb's learning style inventory

Kolb´s model is one of the most influential learning style models. It was developed by David Kolb at the earl à s.à à Theà Kol sà odelà supposesà thatà i à o de à toà lea à something we must work or process the information that we receive. Kolb says that, on the one hand, we can start: a) of a direct experience and it makes specific: active student or b) of an abstract experience, that is the one that we have when we read about something or when somebody tell us: theoretical student.

The experiences that we have, concrete or abstract, are transformed into knowledge when we elaborated them by some of these two forms: a) reflecting and thinking about them: reflective student or b) experimenting of active form with the received information: pragmatic student. (see Figure 2-3)

á o di gà toà Kol à à lea i gà isà theà p o essà à hi hà k o ledgeà isà eatedà through experience transformation. Knowledge derives from the combination of getti gàe pe ie eàa dàt a sfo i gàit .àHeàp oposesàthatàe pe ie tialàlea i gàhasàsi à characteristical features:

1. Learning is best conceived as a process, not in terms of outcomes.

2. Learning is a continuous process grounded in experience.

3. Learning requires the resolution of conflicts between dialectically opposed modes of adaptation to the world. For Kolb, learning is, by its very nature, full of tension, because new knowledge is constructed by learners choosing the particular type of abilities they need. Effective learners need four kinds of abilities to learn: from concrete experiences (CE); from reflective observations (RO); from abstract conceptualizations (AC); and from active experimentations (AE). These four capacities are structures along two independent axes as shown in Figure 2-3, with the concrete experiencing of events at one end of the first axis and abstract conceptualization at the other. The second axis has active experimentation at one end and reflective observation at the other. Conflicts are solved by choosing one of these adaptive modes, and over time, we develop preferred ways of choosing.

4. Learning is a holistic process of adaptation to the world.

5. Learning involves transactions between the person and the environment.

6. Lea i gà isà theà p o essà ofà eati gà k o ledge:à hi h à isà theà esultà ofà theà t a sa tio à et ee àso ialàk o ledgeàa dàpe so alàk o ledge à Coffieldàetàal.,à 2004). [START_REF] Kolb | Experiential Learning: Experience as the Source of Learning and Development[END_REF] describes the four learning modes as follows:

The basic principle of his theory of experimental learning is the learning cycle that includes the following forms of learning:

 Concrete experience  (EC | feeling),  Abstract Conceptualization  (AC | thinking),  Active experimentation  (AE | making)  Reflective observation  (RO | observing).
Concrete experience (EC) is real life experiences that are external to the learner.

Abstract conceptualization (AC) is the process whereby an individual internalizes new ideas in the process of creating new theories.

Active experimentation (AE) is external to an individual as he/she puts the theories and ideas into practice.

'efle ti eào se atio à 'O àisàa ài di idual sài te alà efle tio àof the relevance of an actual event and how it is important and applies to their lives. [START_REF] Kolb | Experiential Learning: Experience as the Source of Learning and Development[END_REF] posits that in different learning situations, individuals often use different combinations of learning modes; hence, no one learning mode clearly identifies an i di idual sà lea i gà st le.à Theà o i atio à ofà lea i gà odesà a eà usedà toà esta lishà four quadrants reflecting four learning styles: Accommodator, Diverger, Assimilator, and Converger. Kolb describes the association between the learning modes and the learning styles as follows:

Convergent learning style moves in cycles in which theory is moved into practice and back again.

Divergent learning style focuses on action and reflection whereby the individual ponders the relevance of real life experiences.

Assimilative learning style uses theorization and logic to convert observations into knowledge constructs.

Accommodation learning style relies on practicality whereby an individual focuses on moving into action.

During the learning process the student goes through every phase. For instance, first the student gets familiar with the concrete situation, accumulates experience (CE), this leads to observation and reflection (RO), later on he tries to build abstract concepts (AC), with which the person can actively experiment (AE), finally this result allows the creation of new experiences and the cycle repeats itself.

The learning style inventory (LSI)

The first version of the LSI appeared in 1976, the second in 1985, and the third in 1999 (following an experimental version in 1993). The 1999 inventory uses a forced-choice a ki gà ethodàtoàassessàa ài di idual sàp efe edà odesàofàlea i gà áC,àCE,àáEàa dà RO) and is described by Mainemelis, Boyatzis and Kolb (2000) in the following way (Quoted from [START_REF] Coffield | Learning styles and pedagogy in post -16 learning: A systematic and critical review, Learning and Skills Research Center Report[END_REF] .àTheàli ksà ithàKol sà o kà e ai àst o g,à ho e e ,à e auseàtheàfou àlea i gàst lesàa eà o e tedàtoàaà e isedà e sio àofàKol sà experiential learning cycle. So, for example, activists are said to have a predilection for experiencing; reflectors for reviewing experiences or mulling over data; theorists for drawing conclusions; and pragmatists for planning the next steps (see Figure 234). Ho e à a dà Mu fo d sà i te tio à isà thatà lea e sà shouldà e o eà p ofi ie tà i à allà fou à stages of the learning cycle. [START_REF] Honey | The manual of Learning Styles[END_REF] define a learning style as ei gà aà des iptio à ofà theà attitudesà a dà eha io à hi hà dete i eà a à i di idual sà prefer edà a à ofà lea i g .à Ho e à a dà Mu fo dà useà diffe e tà te sà fo à theà lea i gà styles classification and refer to them with four stages. (See Figure 234) The four learning styles are described as those of activists, reflectors, theorists and pragmatists and the following lists in Table 2-2 give a brief summary of the strengths of each style. Planning of the next steps, I like to try and proof theories that are important for my questions.

When it comes to matching learning activities with learning style preferences, Honey a dà Mu fo dà lai à à that:à Ou à esea hà i toà aà u e à ofà diffe e tà t ai i gà methods showed the following positi eà o elatio s .à U fo tu atel ,à hatà follo sà isà not a set of correlations, but a list of activities which match each of the four learning styles, a list which is reproduced above(Quoted from [START_REF] Coffield | Learning styles and pedagogy in post -16 learning: A systematic and critical review, Learning and Skills Research Center Report[END_REF]) in Figure 2-3. Ho e àa dàMu fo dà Ho e à&àMu fo d,à à e tio àthatà oàsi gleàst leàhasàa à overwhelming advantage over any other. Each has strengths and weaknesses but the strengths may be especially important in one situation, but not in another". They make it clear that they produced their own Learning Styles Questionnaire (LSQ) because they found that Kolb's LSI was not efficient for the managers with whom they worked. Instead of asking people directly how they learn, as Kolb's LSI does -something which most people have never consciously considered -Honey and Mumford give them a questionnaire which probes general behavioral tendencies rather than learning [START_REF] Coffield | Learning styles and pedagogy in post -16 learning: A systematic and critical review, Learning and Skills Research Center Report[END_REF]. Both Kolb and Honey and Mumford models are widely known in the LS field and are used extensively in the UK [START_REF] Coffield | Learning styles and pedagogy in post -16 learning: A systematic and critical review, Learning and Skills Research Center Report[END_REF].

Felder and Silverman's index of learning styles

Felder and Silverman first introduced their model in 1988 [START_REF] Felder | Learning and Teaching Styles in Engineering Education[END_REF], but it has been upgraded since that date.

This model classifies a student learning style with a five-grade scale. Each learning style can be defined if the next five questions are answered.

What kind of information the student most favorably perceives: sensitive (external) places, sounds, physical sensations or intuition (internal) possibilities, ideas, hunches?

Through which sensitive channel do students perceive information a more effective way: visual (images, diagrams, graphs) or verbal (words, sounds)?

With what kind of information structure does the student rather work with: inductive, deductive?

How does the student process information: an active way as through physical activity or discussions, or a reflective way as through introspection?

How does the student enhance his/her learning: sequentially through continuous steps or globally with big leaps and an integrated vision?

Tables 2-4, 2-5, 2-6, 2-7, 2-8 shows the dimensions of the learning styles obtained through the previous questions.

Dimension Types Description

What type of information does the student prefer in order to perceive: Sensitive / external (sights, sounds, physical sensations), or intuitive/internal (possibilities, insights, hunches)?

Perception

Sensitive Sensitive students prefer empirical facts, data, practical procedures and experimentation. They are patient with details, utàdo tàlikeà o pli atio s.

Intuitive Intuitive students prefer conceptual meanings, principles and theories; they get bored with details and accept complications. 

Dimension Types Description

Through which sensory channel is external information most effectively perceived: visual (pictures, diagrams, graphs, demonstrations), or Verbal (words, sounds)?

Input Visual

For the visual learners it is easy to remember the things they see: diagrams, timelines, films, demonstrations and usually prefer multimedia and simulations.

Verbal

Verbal learners remember what they have heard, read or said. They prefer lecture or textbook learning resources. 

Dimension Types Description

With which information structure is the student more comfortable: inductive (facts and observations are given, underlying principles are inferred), or deductive (principles are given, consequences and applications are deduced)?

Organization Inductive

Inductive learners prefer information that proceeds from particularities to generalities (Garcia et al., 2005:1-15).

Deductive

Dedu ti eà lea e s à i fo atio à thatà p o eedsà f o à generalities to particularities. 

Dimension Types Description

How does the student prefer to process information: actively (through engagement in physical activity or discussion), or reflectively (through introspection)?

Processing Active

Active learners learn better when they work in groups and manipulate things, first-hand experimentation and social interaction.

Reflective

Reflective learners learn better when they can think and reflect about the information that is presented to them and they work better alone, a predisposition for learning by thinking through the process and examining ideas mentally. 

Dimension Types Description

How does the student progress towards understanding: sequentially (in continual steps), or globally (in large jumps, holistically)?

Understanding Sequential Sequential learners follow a linear reasoning process when they solve problems. They can work with a certain material once they have understood it partially or superficially. They prefer learning in a series of steps leading to broader understanding.

Global

Global learners make intuitive leaps with the information. They can have difficulties when they try to explain how they got a solution, and they need an integral vision. They prefer o work from larger frameworks and fill in gaps; they learn by starting with broad trends and patterns and fitting individual pieces of knowledge into the structure. (Felder & Soloman, 1993). What follows is a set of strategies for helping students that answer ILS, a list which is reproduced below (Quoted from (Felder & Soloman, 1993)).

Active and reflective learners

Active Color-code your notes with a highlighter so that everything relating to one topic is the same color.

How can verbal learners help themselves? Write summaries or outlines of course material in your own words. Working in groups can be particularly effective: you gain understanding of material by hearing classmates' explanations and you learn even more when you do the explaining.

Sequential and global learners

Sequential learners tend to gain understanding in linear steps, with each step following logically from the previous one. Global learners tend to learn in large jumps, absorbing material almost randomly without seeing connections, and then suddenly "getting it." Sequential learners tend to follow logical stepwise paths in finding solutions; global learners may be able to solve complex problems quickly or put things together in novel ways once they have grasped the big picture, but they may have difficulty explaining how they did it.

Many people who read this description may conclude incorrectly that they are global, since everyone has experienced bewilderment followed by a sudden flash of understanding. What makes you global or not is what happens before the light bulb goes on. Sequential learners may not fully understand the material but they can nevertheless do something with it (like solve the homework problems or pass the test) since the pieces they have absorbed are logically connected. Strongly global learners who lack good sequential thinking abilities, on the other hand, may have serious difficulties until they have the big picture. Even after they have it, they may be fuzzy about the details of the subject, while sequential learners may know a lot about specific aspects of a subject but may have trouble relating them to different aspects of the same subject or to different subjects.

How can sequential learners help themselves? Most college courses are taught in a sequential manner. However, if you are a sequential learner and you have an instructor who jumps around from topic to topic or skips steps, you may have difficulty following and remembering. Ask the instructor to fill in the skipped steps, or fill them in yourself by consulting references. When you are studying, take the time to outline the lecture material for yourself in logical order. In the long run doing so will save you time. You might also try to strengthen your global thinking skills by relating each new topic you study to things you already know. The more you can do so, the deeper your understanding of the topic is likely to be. 

Teaching strategies and teaching styles

Institutions of higher learning across the nation are responding to political, economic, social and technological pressures to be more responsive to students' needs and more concerned about how well students are prepared to assume future societal roles.

Faculty are already feeling the pressure to lecture less, to make learning environments more interactive, to integrate technology into the learning experience, and to use collaborative learning strategies when appropriate.

One of the most popular recommendations from psychologists is that the learning styles of the students should be linked to the teaching style of the tutor, the so-called at hi gàh pothesis".àF o àtheàfi stàgla eàitàsee sàlogi alàthatàthisà ouldài easeà the learner's performance. Felder (1993) mentions that mismatching can lead to se iousà o se ue es.à "tude tsà a à feelà asà thoughà the à a eà ei gà add essedà i à a à u fa ilia à fo eig à la guage à Felde ,à .à The à te dà toà getà lo e à g adesà tha à

students whose learning styles are better matched to the instructor's teaching style and are less likely to develop an interest in the course material". This is especially worrying if the mismatches are extreme. Felder complains about the negative outcomes of unintentional mismatching where, for instance, teachers are unaware of their own learning style and may, as a result teach only in that style, thus favoring certain students and disadvantaging others [START_REF] Coffield | Learning styles and pedagogy in post -16 learning: A systematic and critical review, Learning and Skills Research Center Report[END_REF].

Considering that pedagogy includes teaching and learning strategies, I will provide a definition of both: Learning strategies are the strategies used to remember, learn and use information. In this case, responsibility relies on the student (comprehension and text writing, problem solving, etc.). Students go through a process where they recognize the new knowledge, review previous concepts, organize and restore that previous knowledge, match it with the new one, assimilate it and interpret everything that was seen on the subject.

Teaching strategy refers to an organized and systematized sequence of activities and resources that teachers use while teaching. The main objective is to facilitate students´ learning [START_REF] Rose | Accelerated Learning[END_REF]. Teaching strategies are the elements given to the students by the teachers to facilitate a deeper understanding of the information. The emphasis relies on the design, programming, elaboration and accomplishment of the learning content. Teaching strategies must be designed in a way that students are encouraged to observe, analyze, express an opinion, create a hypothesis, look for a solution and discover knowledge by themselves. Among the different activities, we can mention the method, which is the way of developing the learning process, and among the resources, we can find the means or characteristics. One crucial component of our research is the integration of electronic media, because of the informational technology breakthroughs that allow us to use a variety of them. On the other hand, we need to link such teaching strategies with the concept of learning styles, something thatàhas tà ee àe ploitedàtoàtheàe te tàthatàisài te dedàhe e.àI àthisàse se,àso eàofà the previous studies worth mentioning are for example those of Dunn [START_REF] Dunn | Gender difference in EEG. Patterns: are they indexes of different cognitives styles[END_REF], whom insists on the importance of teaching the students by using methods that adapt to their conceptual preferences. Or Cabrero et al. (2006), whom also points out how the applied teaching strategies will take effect on the teaching quality, not only from an individual point of view, but also on the collaboration of the group as a whole. The scores should provide food for thought regarding the type of students you may be best suited to teach based upon your style of teaching, or ways in which you may want to alter your style of teaching based upon the kinds of students you have in your classroom. There is no right or wrong answer; there are 12 items, each of which contains four statements about ways you might respond in your teaching, through the way you might behave, think, or feel. The answer has to be ranked at 4(Maximum) to 1 to reflect how well they describe the way you teach.

There are nine teaching strategies analyzed in this dissertation, the description for each one are:

Games and simulations: A learning event in which an educator and/or learner models or simulates a natural or physical phenomenon.

Learning based on problem solving: Occurs when learners work to determine the solution to a question raised for inquiry.

Role playing:

The deliberate acting out of a role (possibly a role that one would not normally occupy), as part of group therapy or of a learning session directed towards understanding that role or the situations with which this occupants have to cope.

Presentation: Typically refers to when a student explains or shows some content to a learning audience; similar to a lecture.

Discussion panel: Oral, and sometimes written, exchange of opinions-usually to analyze, clarify, or reach conclusions about issues, questions, or problems.

Brainstorming: A learning event in which a group of learners spontaneously contribute ideas.

Case study: An intensive analysis of an individual unit stressing developmental factors in relation to environment.

Question and answer method:

A learning event in which learners interview or survey others about a particular topic.

Project design method:

A learning event in which learners solve a real problem step by step.

e-learning tools

In every teaching process the means play an important role, in traditional lass oo s à eàfi dàtea he sàusi gàtheà la k oa dàa dà ooks.àTheài portance in this matter is that the means regulate and condition the rest of the curricular components establishment, as in objectives, content, strategy, activities, etc., and at the same time this components allow the selection of the right means that make possible its definition and reach.

The midpoint can be seen in different ways. The most common interpretation of means is as an information transmitter, thus for [START_REF] Rossi | Los nuevos medios de comunicación en la enseñanza moderna[END_REF] a mean is a à de i eà a dà e uip e tà thatà isà fo all à usedà toà t a smit information between people ,àa othe àpe spe ti eàa o di gàtoàá eaà àisàtheàdisti tio àofàtheà ea sà as communication channels trough which different curricular agents are related (designers-teachers, teachers-students, students-students, teachers-teachers) conditioning the pattern of communicative flows in the classroom. Sometimes the te à ea à isà o fusedà ithà theà te à esou e .à Ità isà o side edà thatà tea hi gà means have their own use technique; however, the use of a teaching resource depends on the originality of the user, thus for example, the text book is a mean and the Internet is an educative resource because it was not created with a teaching i te tio ,àMa u sà à akesàaàdisti tio à et ee à othà o eptsà Tea hi gà ea à is any material made with the intention to facilitate the educative and learning processes. For example a text book or a multimedia program that allows making chemical formulation. Educative refers to any material that, in a determined educational context, is used with a teaching purpose or to facilitate the formative a ti itiesà de elop e t .à I à a tualà lass oo sà eà fi dà di e seà o je tsà usedà likeà educative resources that enhance the learning potential, for example, computers, recording machines, DVD players, among others, are used by many educators to design activities where, for instance, students watch a movie and then discuss its main and secondary ideas, what makes us agree with [START_REF] González | Más allá del currículum: la educación ante el reto de las nuevas tecnologías de la información y la comunicación[END_REF] to whom mean or resource is the instrument of representation, facilitation o àapp oa hàtoà ealit .àWithà the passing of time, these definitions have varied subtly in spite of being written based on their elements. From [START_REF] Salomón | Interaction of media, cognition and learning[END_REF] to Escudero (1983) the context in which they are elaborated or used with instructive intentions, is taken into account, [START_REF] Alonso | Medios audiovisuales y recursos didácticos en el nuevo enfoque de la educación[END_REF] and [START_REF] Cabero | Tecnología educativa: diversas formas de definirla[END_REF] explicitly consider them curricular elements (but they do not differentiate them from the rest of the curricular elements: contents, objectives, activities, etc.), they take the context into account and also their usage gold: Contributing to the improvement of the educative and learning processes, concept that [START_REF] González | Más allá del currículum: la educación ante el reto de las nuevas tecnologías de la información y la comunicación[END_REF], [START_REF] Marqués | La educación en la sociedad de la información[END_REF] and [START_REF] Area | Creación y uso de webs para la docencia universitaria[END_REF] reinforce as supports, transmitting information materials that facilitate those processes. (See The result of the interaction of three elements: the symbolic system, the message and the transmission technology .

Relation with its constituent elements 1983 Escudero

Any object or technological resource that articulates in certain symbol systems, messages according to their operation in educative contexts Mean = Technological resource Relation to its constituent elements (symbols, messages) Correspondence with educative contexts (teaching purposes) 1993 Alonso & Gallego The instruments, equipment or materials, conceived as mediating curricular elements of the direct expression, that articulate certain messages in a determined symbol system and pursue the optimization of the teaching-lea i gàp o ess . I à thisà disse tatio à ou à defi itio à ofà ea à isà a à ate ialà adeà ithà theà intention to support, transmit and/or facilitate teachinglearning processes having or otà aà tea hi gà pu pose,à fo à ità eà o tà akeà aà diffe e eà et ee à ea à a dà resource, in addition, in order to give a solution for the raised challenges we will only take care of electronic means, therefore, the definition of electronic mean in the lea i gà o te tà isà a à ele t o i à de i eà thatà suppo ts,à t a s itsà a d/o à fa ilitatesà teaching -lea i gàp o essesà ithàaàtea hi gàpu pose .

Mediator

Emerging e-learning tools have the potential to enrich academic environments. The adoption level of emerging e-learning tools is on the rise in educational settings [START_REF] Long | The Horizon Report, New Media Consortium and EDUCASE Learning Initiative[END_REF]. These tools include instant messengers (IM), social bookmarks, podcasts, vodcasts, blogs, wikis, etc. Several examples can be sighted for incorporating these tools into courses (Farmer & Bartelett-Bragg, 2005;[START_REF] Augar | Teaching and learning online with wikis, In proceedi gsàofàtheàá[END_REF]. A review of learning theory suggests that learning styles and preferences influence the effectiveness with which individual learners learn. Therefore, this can help lecturers choose the right methods of instruction for the right audience [START_REF] Smith | Accommodating learning styles: Relevance and good practice in vocational education and training[END_REF][START_REF] Saeed | Using learning styles and preferences to incorporate emerging e-learning tools in teaching[END_REF] The web is transforming into a fully interactive space and the control of the content has been decentralized in order to allow everyone to collaborate, create, publish, subscribe and share information [START_REF] Asmus | Instructional design technology trend analysis[END_REF][START_REF] Saeed | Using learning styles and preferences to incorporate emerging e-learning tools in teaching[END_REF]. In academic settings, students and teachers alike are achieving many of the benefits of these interactions [START_REF] Baird | Neomillennial user experience design strategies: utilizing social networking media to support always on learning styles[END_REF]. For example, blogs facilitate publication of knowledge, opportunities for subsequent reflection and analysis, and help teachers understand the relational and contextual basis of knowledge (Ferding & Trammell, 2008;[START_REF] Saeed | Using learning styles and preferences to incorporate emerging e-learning tools in teaching[END_REF]. Similarly, wikis facilitate the creation of shared knowledge, dissemination of information, and group interaction [START_REF] Augar | Teaching and learning online with wikis, In proceedi gsàofàtheàá[END_REF]); social bookmarks allow quick and easy access online resources [START_REF] Asmus | Instructional design technology trend analysis[END_REF]; and podcasts provide an innovative way for people to improve communication, collaboration and social networking (Ratchman & Zhang, 2006). All these features are key learning elements and make emerging tools appropriated for educational settings.

Whereas in the students´ daily life the role of technology increases significantly, we, the teachers, hesitate about the integration of electronic media in our classes, therefore, the knowledge of the teachers in relation to means, its design and pedagogi alàuseà isà e à i po ta t,à asà tea he sà a eà esse tialà atàtheàti eà ofà i itiating any change. Their knowledge and skills are fundamental for the correct operation of a p og a à "ali as,à .à à Thisà e i h e tà ofà tea hi gà k o ledgeà illà allo à theà teacher to include technological means in his/her planning, which will end up on the practical grounding of that teaching element, and in its time, they will give it preference above another mean [START_REF] Barroso | La red como instrumento de formación. Bases para el diseño de materiales didácticos[END_REF], according to the role that it takes in his/her practice and to the bonds he/she establishes with these means.

The e-media analyzed in this dissertation are grouped into eight sections:

Section 1 presents audio media:

Audio: Sound that is capable of being heard Audioconference: audioconferencing uses audio telecommunications to bring people at different sites together for a meeting. This can be as simple, as a conversation between two people in private offices (point-to-point) or involve several sites (multipoint), with more than one person in large rooms at different sites.

Lectures: a lecture is an oral presentation intended to present information or teach people about a particular subject, for example by a university or college teacher.

Section 2 presents read media:

Digital magazines: digital Magazine is an online magazine intended for professional web designers, web developers and those who practice Information architecture.

Digital newspapers: digital Magazine is an online newspaper intended for professional web designers, web developers and those who practice Information architecture.

eBooks: an e-book (for electronic book: also eBook) is the digital media equivalent of a conventional printed book. Such documents are either read on personal computers, or on dedicated hardware devices known as e-book readers or e-book devices.

Hypertext (web pages): hypertext most often refers to text on a computer that will lead the user to other, related information on demand. Hypertext represents a relatively recent innovation to user interfaces, which overcomes some of the limitations of written text. Rather than remaining static like traditional text, hypertext makes possible a dynamic organization of information through links and connections (called hyperlinks). Hypertext can be designed to perform various tasks; for instance when a user "clicks" on it or "hovers" over it, a bubble with a word definition may appear, a web page on a related subject may load, a video clip may run, or an application may open.

Readings: reading is the cognitive process of deriving meaning from written or printed text

Written text (Documents): a document (noun) is a bounded physical representation of information designed with the capacity (and usually intent) to communicate.

Slideshows: slideshow is a modern concatenation of "Slide Show". A slideshow is a display of a series of chosen images, which is done for artistic or instructional purposes. Slideshows are conducted by a presenter using an apparatus, such as a carousel slide projector, an overhead projector or in more recent years, a computer running presentation software.

Section 3 presents video media:

Podcast: a podcast is a collection of digital media files which is distributed over the Internet, often using syndication feeds, for playback on portable media players and personal computers. The term, like "radio", can refer either to the content itself or to the method by which it is syndicated; the latter is also termed podcasting. The host or author of a podcast is often called a podcaster. The term "podcast" is a portmanteau of the acronym "Pod"standing for "Portable on Demand"and "broadcast". The iPod name was coined with Pod, prefixed with the "i" commonly used by Apple for its products and services. The first podcasting scripts were developed for the iPod (see history of podcasting). These scripts allow podcasts to be automatically transferred to a mobile device after they are downloaded.

Recorded live events: Record live events is a type of video recording system that works by using a digital rather than an analog video signal and recording daily events with a camera, video camera, and camcorder.

Videoconference: videoconferencing uses telecommunications of audio and video to bring people at different sites together for a meeting. This can be as simple as a conversation between two people in private offices (point-to-point) or involve several sites (multi-point) with more than one person in large rooms at different sites. Besides the audio and visual transmission of people, videoconferencing can be used to share documents, computer-displayed information, and whiteboards. Movies: film is a term that encompasses individual motion pictures, the field of film as an art form, and the motion picture industry. Films are produced by recording images from the world with cameras, or by creating images using animation techniques or special effects.

Videos

Pictures: in common usage, an image (from Latin imago) or picture is an artifact, usually two-dimensional, that has a similar appearance to some subject-usually a physical object or a person. Images may be two-dimensional, such as a photograph, screen display, and as well as a three-dimensional, such as a statue.

Simulations: a simulation is an imitation of some real thing, state of affairs, or process. The act of simulating something generally entails representing certain key characteristics or behaviors of a selected physical or abstract system.

Section 5 presents search media:

Internet research: internet research is the practice of using the Internet, especially the World Wide Web, for research Section 6 presents collaboration media:

Forums: an Internet forum is a web application for holding discussions and posting user generated content. Internet forums are also commonly referred to as Web forums, message boards, discussion boards, (electronic) discussion groups, discussion forums, bulletin boards, fora (the Latin plural) or simply forums. The terms "forum" and "board" may refer to the entire community or to a specific sub-forum dealing with a distinct topic. Messages within these sub-forums are then displayed either in chronological order or as threaded discussions

Online learning communities: an online learning community is a common place on the Internet that addresses the learning needs of its members through proactive and collaborative partnerships. Through social networking and computer-mediated communication, people work as a community to achieve a shared learning objective.

Learning objectives may be proposed by an instructor or may arise out of discussions between participants that reflect personal interests. In an online community, people communicate via textual discussion (synchronous or asynchronous), audio, video, or other Internet-supported devices.

Webblog or blog: a blog (a portmanteau of web log) is a website where entries are commonly displayed in reverse chronological order. "Blog" can also be used as a verb, meaning to maintain or add content to a blog. Many blogs provide commentary or news on a particular subject; others function as more personal online diaries. A typical blog combines text, images, and links to other blogs, web pages, and other media related to its topic. The ability for readers to leave comments in an interactive format is an important part of many blogs. Most blogs are primarily textual, although some focus on art (artlog), photographs (photoblog), sketchblog, videos (vlog), music (MP3 blog), audio (podcasting) are part of a wider network of social media. Micro-blogging is another type of blogging which consists of blogs with very short posts.

Wikis: wiki is software that allows users to create, edit, and link web pages easily. Wikis are often used to create collaborative websites and to power community websites. They are being installed by businesses to provide affordable and effective Intranets and for Knowledge Management. Ward Cunningham, developer of the first wiki, WikiWikiWeb, originally described it as "the simplest online database that could possibly work". One of the best known wikis is Wikipedia.

Section 7 presents communication media:

Chat (Messenger): online chat can refer to any kind of communication over Internet, but is primarily meant to refer to direct one-on-one chat or text-based group chat (formally also known as synchronous conferencing), using tools such as instant messaging applications-computer programs, Internet Relay Chat and talkers. Instant messaging (IM) is a form of real-time communication between two or more people based on typed text. The text is conveyed via computers connected over a network such as the Internet e-mail: e-mail, short for electronic mail and often abbreviated to e-mail, email or simply mail, is a store and forward method of composing, sending, storing, and receiving messages over electronic communication systems Section 8 presents tutoring media:

Student Response System: a Student Response System (SRS) is a tool used to promote active learning in the classroom. Students respond to questions posed by the instructor using a small handheld keypad that looks like a TV remote control.

Tutorial systems: a tutorial systems is a document, software, or other media created for the purpose of instruction for any of a wide variety of tasks WebQuest: a WebQuest is a learning activity used by educators. During this activity learners read, analyze, and synthesize information using the World Wide Web.

Course Legacy System: a legacy system is an old computer system or application program which continues to be used because the user (typically an organization) does not want to replace or redesign it

Summary

In this chapter we provided a review of the learning styles theory. We discussed the most popular and influential LS models: We can see from the descriptions of these models that there is much overlap between them. Currently there is no general consensus whether it is reasonable or not to apply learning styles in pedagogy in order to improve the learner's outcome.

 Kolb'
However, we consider that first, it is good for the learner to be aware of his/her learning style and to know what his/her strengths and weaknesses are. Second, it is important to provide the learner with a variety of instructional strategies and let him/her choose the one he/she prefers. Third, intentional mismatch may help more advanced learners develop new skills. Coffield's report raises some concerns about the reliability and validity of some of the learning styles instruments (see section 2.2.2).

The theory and practice of learning styles provides us with new interesting ideas for our research. It concerns providing a new type of adaptive behavior that can be based on the recommendations from the theory of teaching styles (see section 2.3). We also consider that use e-learning tools can contribute to the psychological research by providing a new media for teach and learn (see section 2.4). We can see from the descriptions of these theories that there is much overlap between them. We consider these similarities to discuss possible implications in educational settings in the following chapters.

Using learning styles to enhance an e-learning system

This chapter1 investigates the possible ways of representing learning styles in an elearning system. The questions being addressed in this chapter are: Can the learning material be presented in a way that suits the preferred students' approach of learning? What should the format of learning materials be in order to fit a certain learning style? Isàthe eàaà elatio shipà et ee àtheàstude ts àlea i gàst lesàa dàtheàdiffe e tà a sàofà using the e-learning system? Is it helpful for a student in a course to learn and acquire knowledge using his or her particular learning style? Is there a single way to represent a particular learning style in an e-learning system? Section 3.1 provides the connections between learning styles and e-learning systems. In section 3.2 we investigate how other researchers have incorporated LS into their e-learning systems.

It gives examples of existing e-learning systems providing adaptation to learning styles. It also compares our approach with the ones adopted in the presented systems. In section 3.3 we describe the design, design database, implementation of our e-learning system using learning styles. Section 3.4 the evaluation of approach with an experiment with students. Section 3.5 summarizes the chapter and provides an answer to research question 1 of this dissertation.

Connections between learning styles and e-learning systems

Learning styles have been intensively studied in the classical educational (classroom) settings. In such an environment a teacher is able to identify learners' individual differences in regard to learning styles and thus provide them with individually selected and structured learning material. However, it is much more difficult to provide such interaction with individual learners in an e-learning environment. One of the problems consists of identifying the learner's preferences or learning styles.

Though application of learning styles to an e-learning course design still seems to be problematic, for (some) learning styles outlined in chapter 2 we found several resources with recommendations from psychologists for a possible format of the learning material and the instructional design. We present an overview of learning styles with their corresponding implications for pedagogy in table 3.1 and provide a more detailed description of instructional strategies here.

A learning style is defined as the characteristics, strengths and preferences in the way people receive and process information [START_REF] Felder | Learning and Teaching Styles in Engineering Education[END_REF]. It refers to the fact that every person has its own method or set of strategies when learning. According to Sewall, there are several theories about learning styles [START_REF] Sewall | The Measurement of Learning Style: A Critique of Four Assessment Tools[END_REF]. He did a detailed study of four evaluation instruments: Myers-Briggs Type Indicator, Kolb Lea i gà "t le,à I e to ,à Coffield sà Lea i gà "t leà I e to à a dà G ego sà T peà

Indicator.

The Felder and Silverman model was selected as the base of our e-learning system [START_REF] Felder | Learning and Teaching Styles in Engineering Education[END_REF] because it has been successfully implemented in previous work when individually adapting the electronic learning material [START_REF] Carver | Enhancing Student Learning Through Hypermedia Courseware and Incorporation of Student Learning Styles[END_REF][START_REF] Hong | Adaptation to Student Learning Styles in Web Based Educational Systems[END_REF]Paredes & Rodriguez, 2002), because it has been approved by its author and other specialists [START_REF] Zywno | A Contribution to Validation of Score Meaning for Felder-Soloman's Index of Learning Styles[END_REF][START_REF] Felder | Applications, Reliability and Validity of the Index of Learning Styles[END_REF], because it is user friendly and the results are easy to interpret, and because the number of dimensions is controlled and can actually be implemented (Paredes & Rodriguez 2002).

Thisà odelà atesà theà stude t sà lea i gà st leà i à aà s aleà ofà fi eà di e sio s.à Ea hà learning style can be defined by answering these five questions:

What kind of information does the student tend to receive: sensitive (external agents), places, sounds, physical sensations, or intuitive (internal), possibility, ideas, through hunches?

Through which sensorial channel do the students tend to receive information more effectively: visual (images, diagrams, graphics), or verbal (spoken words, sounds)?

With which information setting do the students prefer to work: inductive or deductive?

How is the information processed: actively, through physical activities and discussions, or reflexively, through introspection?

How does the student make progress: sequentially, with continuous steps, or globally, through leaps and an integral approach. 

Organization

Inductive Rather deal with information that goes from particular i sta esàtoàge e alà o lusio ,àitàisàhu a sà atu alà a àofà learning.

Deductive Rather deal with information going from general to particular instances

Processing

Active Learn by working in groups and handling stuff.

Reflexive

Learn better when they can think and reflect about the information presented to them. Work better alone or with one more person at most.

Understanding

Sequential Follow a lineal reasoning process when solving problems and can work with a specific ate ialà o eà the eà comprehended it partially or superficially.

Global

Take big intuitive leaps with the information, may have a difficulty when explaining how they got to a certain result, need an integral vision. In 2002, Felder introduced the following changes to his model: he eliminated the inductive/deductive dimension due to pedagogic reasons, and he also switched the visual/auditory dimension for the visual/verbal dimension because the verbal dimension may include spoken and written words, which was a little confusing for the auditory dimension. In this work, such changes are considered and thus only four of the five dimensions will be used: Perception (Sensitive, Intuitive), Entry Channel (Visual, Verbal), Processing (Active, Reflexive) and Understanding (Sequential, Global).

A model of learning styles classifies students according to a scale that reflects the way they receive and process information. While there is a number of learning style assessment tools and methodologies [START_REF] Coffield | Learning styles and pedagogy in post -16 learning: A systematic and critical review, Learning and Skills Research Center Report[END_REF], two similar assessment i st u e tsà a eà p edo i a tà i à s ie eà a dà e gi ee i gà edu atio à Kol sà Lea i gà

Styles Inventory (LSI) [START_REF] Kolb | Experiential Learning: Experience as the Source of Learning and Development[END_REF] and the Soloman -Felder Index of Learning Styles (ILS). (Felder & Soloman, 1993). Each instrument classifies learning dispositions based on opinion surveys. Paredes and Rodriguez (2002) propose an adaptation procedure for moderate and strong sensing-intuitive learners, as classified in the Felder-Silverman model. In their approach, a course is described in terms of teaching tasks and knowledge rules. [START_REF] Riding | The Information Superhighway and Individualized Learning[END_REF] suggest that the teacher should provide written material to the verbalizers and pictorial presentations to the visualizers (such as pictures, diagrams, charts and graphs).

Inductive learners prefer information that proceeds from particularities to generalities [START_REF] Garcia | Evaluating Bayesian networks, precision for detecting students à lea i gà st les,à Co pute à &à Edu atio[END_REF], and deductive learners information that proceeds from generalities to particularities. The natural learning style for humans is inductive.

Studies have proved that most of the engineering students are inductive [START_REF] Klobas | Teaching with a Scalable, Multidisciplinary Learning Object: A Business School Case Study[END_REF]. In 2002, Felder removed the organizational dimension from his test.

Active learners learn better when they work in groups and manipulate things, whereas reflective learners learn better when they can think and reflect about the information that is presented to them and they work better alone.

Pask's wholists are correlated with the global style of the Dunn and Dunn, Riding and Felder-Silverman models, whereas serialists are correlated with the analytic style of the Dunn and Dunn and Riding's models and the sequential style of Felder-Silverman model. Series of Pask's experiments with wholists and serialists in 1970s showed that material structured in breadth-first order maps well to the strategies adopted by wholists whereas depth-first navigational paths suit serialists.

Incorporating learning styles in an e-learning system

Several systems which provide adaptation to users' learning styles exist. Table 3-2 presents some of these systems, the learning styles they implement, the methods for identifying these learning styles and the provided types of adaptation. We discuss these issues in more detail as follow.

Recent investigations (Kwok & Jones, 1985;[START_REF] Carver | Enhancing Student Learning Through Hypermedia Courseware and Incorporation of Student Learning Styles[END_REF][START_REF] Gilbert | Adapting instruction in search of a significant difference[END_REF][START_REF] Grigoriadou | INSPIRE: an intelligent system for personalized instruction in a remote environment[END_REF][START_REF] Stash | Incorporating cognitive styles in AHA! (THE ADAPTIVE HYPERMEDIA ARCHITECTURE)[END_REF][START_REF] Hong | Adaptation to Student Learning Styles in Web Based Educational Systems[END_REF], try to integrate the learning styles in the design of an adaptation of their applications. This is not an easy process, however. One of the main difficulties on the designing of hypermedia systems, is linking the learning styles with the hypermedia applications. Most of the teaching systems adaptation that integrates learning styles is based on the premise that adapting the teaching strategies with the students learning styles will give better results (Dagger, This review shows that the different adaptation to learning styles systems are made in terms of content adaptation, navigation routes or the use of multiple navigation instruments. However, the election of learning styles seems to be limited, while it is based on the appropriate technology. Also, most of the systems shown, except CS388 and PHP Programming Course, evaluate and adapt to the chosen learning styles dimensions. One disadvantage of CS388 and the PHP Programming Course is that electronic media is li itedàtoàg aphi s,àh pe te t,àaudioàa dà ideo,àa dàthatàitàdoes tà integrate teaching strategies. In this dissertation we are trying to address these issues. Based on the previous reviews, in the following section we identify the types of strategies that we foresee as needed in our system, in order to provide adaptation to learning styles. In the next section we show the architecture of e-learning system.

e-learning system

Introduction

Theà p o le à eliesà o à theà tuto sà a ilit à toà adaptà itselfà toà theà prior knowledge and psychosocial characteristics of a particular student. We must picture this change in terms of integration and complementarity. The teaching principles which support the edu atio alà p o essà ustà offe à theà e essa à spa eà toà i o po ateà the powerful tools à hi hà te h olog à p o idesà atà theà se i eà ofà ette à a sà ofà tea hi gà a dà learning. We create environments which support the development of individuals with different skills by using the vast resources offered by IT. For example, impelling intellectual growth and expansion of abilities based on the correct use of electronic media and the teaching-learning methods when learning a new subject. In this chapter, a computer program is provided for instructional aide in whom two educational aspects that have only been partially integrated before are incorporated: computer science and educational psychology (although both of them were previously used in education).

Regarding learning, we find that not everyone learns the same way. Each person has a particular set of learning abilities; thus we can identify the preferences that constitute his or her learning style. Knowing our learning styles helps us both, teachers and students. We can elaborate better teaching-learning strategies in order to allow students to assimilate in an effective and more efficient way new information and knowledge. The understanding of learning styles can be used to identify and implement better teaching and learning strategies (Felder & Soloman, 1993;[START_REF] Coffield | Learning styles and pedagogy in post -16 learning: A systematic and critical review, Learning and Skills Research Center Report[END_REF]. Learning styles have also been shown to have an impact on the effectiveness of online learning [START_REF] Allert | A companion technology approach to CS1: Handheld computers with concept visualization software[END_REF][START_REF] Carver | Enhancing Student Learning Through Hypermedia Courseware and Incorporation of Student Learning Styles[END_REF].

Nowadays, the use of electronic media in education enhances and supports the learning process. It enhances it because a person can acquire new knowledge in a more flexible and adaptable way than with the traditional method and it supports it by introducing innovative elements that help students reaffirm the subjects studied in class.

The objective of this chapter is to bring together the concept of learning styles and the use of electronic media in education with the aim of providing a system which presents the course material in different ways to the student, based on his or her learning style. In this sense, we think that students should be given the opportunity to learn a subject, o à si pl à toà eaffi à theà o eptsà p e iousl à studied.à That sà h à ità isà i po ta tà toà evaluate if the students learn worse, similarly or better with the use of this system. We designed a tool to help stude tsàofà álgo ith sàa dàP og a s ,àfo àtheàfi stàse este à in Computing Engineering program at the Instituto Tecnológico Autónomo de México (ITAM).

Methodology

First we analyzed and designed the e-learning system with the previous learning styles theory that was mentioned above, second we explained the implementation of the architecture obtained, third we selected a subject to use in the system, and finally an approach evaluation: experiment with students. In general, we created a system, for each topic:

 E aluatesàtheàlea i gàst le s àofàaàstude tà alledàhis/he à p ofile .

 Matches course content with the corresponding student profile (stored in a database).

 Creates specific teaching material for the student.  Use the system to validate the approach on different populations of students.

The system implemented use dynamic objects of learning to allow presenting the content of a course according to the preferences of the person who uses it.

Modeling and analysis requirements

Case modeling can show how the system works. A number of diagrams are presented showing how very simple actors interact with the examples of uses, as well as tables where the use cases are explained in more detail, illustrating how they communicate with each other use cases.

This part also presents the kind of cards that give a very brief description of the class, as well as the attributes and methods that make it up. Also shown are the sequence diagrams that help to communicate or see how the classes interact with each other when a user performs an action on the system. The descriptions of the actors are exposed below:

Use cases model

•à"tude t:àItàisàtheà ai àa to àisàa àpe so à ishi gàtoàuseàtheàs ste àofài di idualizedà instruction to study the course that was selected.

•à P ofesso à /à ád i ist ato :à Thisà isà theà ai à a to à i à theà s ste à ad i ist atio ;à heà may see all the information of students, their skills and use of the system.

•àData aseàUse s:àItàisàa àa to àa dàisàtheàdata aseàthatàsto esàallài fo atio àabout system users (students and professors / administrators), but independent of the course materials.

•àMate ialsàData ase:àá àa to à ep ese tsàtheàdata aseàthatàsto esài fo atio ào àtheà topics and course materials to study.

The description of the use cases is shown below:

•àValidateàUse :àValidateàaàuse àal ead à egiste edàfo àtheàuseàofài di idualizedàlea i gà system.

•àP o ide/offe àOptio s:àP o ideàaà a iet àofàoptio sàtoàstude tsàal ead à egiste edàtoà use the system of individualized instruction.

•à'egiste àUse a e:àállo àaàuse àtoà egiste à ithàtheàs hoolàs ste àfo ài di idualàuse.à

•à Maki gà assess e t:à állo à theà use à toà takeà aà testà Felde à lea i gà st lesà toà ide tif à and save what their learning styles in different dimensions.

•à Displa à Topics/Show Items: View the agenda and topics of the course is offered through a system of individualized instruction.

•àCo sultàdata/I fo atio :àGetàtheài fo atio à e uestedà às ste àuse s.à

The explanation of the symbols used is as follows (see Figure 3-2)

•àáàuseà aseàisàaà a àtoàuseàtheàs ste àa dàisà ep ese tedà àa àellipse.à

•à á à a to à ep ese tsà aà oleà pe fo edà à aà ealà pe so à a dà isà ep ese tedà à theà figure of a person.

•àTheàsolidàli esàsho àho àtoà elateàtheàdiffe e tàuseà asesàa dàa to s.à •à Theà li esà ep ese tà o -continuous, in the case of the diagram of Figure 3-3, the inclusion is defined as a section of a use case that is a essential part of the basic use case [START_REF] Weitzenfeld | Ingeniería de Software orientada a objetos con UML, Java e Internet[END_REF].

Actors and use cases description

This section presents the tables with a more detailed description of the previous section of the actors and use cases of the system. Description Is a secondary actor and is the database that stores all information about system users (students and teachers / administrators), but independent of the course materials. 

Purpose

Validate the user already registered for the use of system.

Summary

This use case begins with the user (administrator or student / teacher).

password and an additional repeat password. The system will use the login and password to validate the user.

The user can select from the following: "Registration" and "Exit."

If the activity selected is "Register", the system generates a new user registration (E-1, E-2, E-3, E-4). If the user is kind of students ", continues with the use case Make Evaluation sub-flow Start Test. If the type of user is Administrator / Teacher, is continued with the use case Check information, sub-flow consult Information for Teachers (S-1).

If the activity selected is "quit" is out of the system (if not already pressed "Register" means information will be lost).

S-2 Get User Registration

The system obtains the user record of user database. It continues with the sub-flow Manage User Registration (S-3).

S-3 Managing User Registration

Presents the user with the Edit user registration screen (P-4) with the user registration information.

He may select from the following: "Edit", "Back" and "Exit."

If you select the action "Edit" execution sub-flow User Registration Update (S-4).

If you select the activity "Return" is the use case continues to offer options.

If you select the activity "Exit", it will exit the system.

S-4 Update User Registration

Updates the user record with the modified data (E-1, E-3, E-4).

It continues with the flow or sub-flow above.

-Exceptions E-1 incomplete Information to fill in the user. Asks the user to complete the registration.

E-2 Register already exists: if there is a record under this login, the user is prompted to change it or end the use case.

E-3 Login incorrect: the login is invalid. Asks the user to correct the login.

E-4 Incorrect Password: the password is not validated properly. Asks the user to correct the password. The student a à hooseà et ee àtheà"E aluate"àa dà"Clea àtest .à

If you choose to "evaluate", it is verified that the test has been completed (E-1) and continues to the sub-flow assess Student (S-1).

If you choose to "test clean" deletes all the answers you have selected so far.

Sub-flow S-1 evaluate Student

Assesses students according to test and get Felder learning styles for that student in each dimension, updates the data in the test user database and continue with the use case Check Information Check sub-flow Test Results.

Exceptions E-1 Test incomplete if any of the questions has no answer. Asks the student to complete the test. If you choose the activity "Exit", it will exit the system.

See S-2 Test Results

Are obtained from the user database of student test results indicated. Screen is displayed in the Student Learning Styles (P-10).

The choices are "Close" and "Exit."

If you choose "Close" is the use case continues to offer options.

If you choose "Exit", it will exit the system.. Exceptions E-1 Not note If the note is blank. Students are asked to write a note or do not save any note 

Diagram and class dictionary

This section describes the class diagram was made from the use cases, and the dictionary for them in which explains briefly what the role of each of the classes that are used in the system. The class diagrams are made for each use case.

Validate user: This case involves the use of Web Service WSLearning the module variables and frmLogin (see Figure 3-3). Next, we illustrate the functionality of the classes mentioned above.

•à W"Lea i g:à Classà Co t ol.à We à se i eà o u i atesà ithà theà data aseà a dà theà application of the client or student. Consider responsible for obtaining and updating information in the database for the application to work correctly.

•à Va ia les:à E tit à lass.à Moduleà thatà o tai sà a ia lesà thatà helpà toà sto eà dataà atà runtime required for the proper functioning of the system of individualized instruction.

•àf Logi :àClassàBo de .àFo à espo si leà a àtoà alidate a user. Login screen (P-1).

•à f Op io es:à Classà Bo de .à Fo à espo si leà a à toà sho à theà optio sà ouà a à choose the student. Options screen (P-2).

•à f 'egist a :à Classà Bo de .à Fo ,à hoseà goalà isà toà fo à aà e à e o dà stude t,à

Register Login screen (P-3).

•àf Modifi a :àClassàBo de .àFo ,à hoseàgoalàisàtoà odif àtheàdataàofàaà egiste edà student, Modify User Data screen (P-4).

•àf 'esultadoTest:àClassàBo de .àFo àsho sàtheà esultsào tai edài àaàtestàofàstude tà learning styles Felder. Screen Test Results (P-10).

•àf álu os:àClassàBo de .àFo àsho sàaàtea he ào àa àad i ist ato àofàtheàstude tsà registered in the system. Display Result Students (P-9).

•à f 'esu e :à Classà Bo de .à Fo à sho sà theà su a à ofà aàtopi à o à ite à p e iousl à chosen by the student. Summary screen (P-8)

•àf Te a io:àClassàBo de .àWa àthatàsho sàtheàtopi àofàtheà ou se.à" lla usàs ee à (P-6).

•à f Muest aTe a:à Classà Bo de .à Fo à sho sà aà pa ti ula à topi à o à ite à he à theà student is verbal. Topic Screen Display (P-7)

•àf MuestraTemaVIS: Class Border. Form shows a particular topic or item when the student is visual. Topic Screen Display (P-11)

•à f E a e :à Classà Bo de .à Fo à thatà sho sà theà stude tà aà uestio à f o à theà testà Felder learning styles of their possible responses to it to answer it, Screen Test (P-5).

Sequence Diagrams

This section shows the sequence diagram of the system, the way in which the various classes interact with each other system. 

System design

Using the model system in the previous section, this chapter describes the functional and technical architecture of the system, system components and presents the design of the system database. Student: The person that uses the system and is evaluated during the learning process. First, he or she has to be registered in the system and then the system makes an initial evaluation of his/her learning style. The system then recommends specific materials for the firstàlesso àofàtheà ou seàthatàadaptsà estàtoàtheàstude ts à ha a te isti s.

Ideal Student: This element contains information about a perfect student who uses all types of learning styles, and develops all his/her learning capabilities. It is used to compare the answers given by the real student to obtain which is the learning style that best fits him/her, in order to have a better learning experience.

I itialàE aluatio :àIt sàtheàfi stàtestàthatàtheàs ste àp ese tsàtoàaà e àstude tàtoào tai à his/her profile, and the characteristics of the way he/she learns. With this information theà s ste à o pa esà theà ha a te isti sà ofà theà stude tà a dà theà idealà stude t sà o esà a dà dete i esà theà lea i gà st leà thatà està app o i atesà theà stude t sà lea i gà strategy.

Student Profile, Learning Style and Recommended Materials: Based on the student profile and the learning style obtained through the evaluation, the system chooses the ate ialsà asedào à hat sà estàfo àtheàstude tàa o di gàtoàhis/he àlea i gàst le.

Materials for study: These are the recommended materials once the evaluation has been made. The materials correspond to one lesson.

Reevaluation: If there are still more lessons after a student has finished studying the material for a lesson, a reevaluation is performedàtoàesti ateàtheà stude t sà p og essà and check whether his/her learning style has changed. When the learning style varies, new recommendations for materials are given to the system so it can show the materials for the new student characteristics.

Therefore, the logic behind the system is this: first, a new student is registered and completes an evaluation of his/her learning strategies to obtain his/her learning style; second, with the obtained learning style, the system can make recommendations about what materials are best for the student; third, the systems shows the materials to the student, who uses them until he/she is done with the lesson; finally, if there are more lessons, the student is reevaluated and the system returns to the second step. If not, the system communicates to the student that he/she has finished the course. This cycle continues until the student has finished the course. Students Database: It contains and stores the data of the ideal student and the students that use the system. The information contained in this database is used by the system to make the evaluations and to resolve the learning styles of the students.

Technical diagram

Mate ialsàData ase:àItàsto esàtheà ou se sà ate ials.àI ào de àtoàassu eàtheàd a is à of the system, it has several types of resources stored (video, audio, text, etc), for each lesson of the course. This is because some resources are useful only for certain types of learning styles.

Evaluation Module: This module is used to perform the evaluations needed when a new student is registered in the system, or when a student finishes a lesson. This module evaluates results by comparing the answers of the student with the ones of theàidealàstude tàsto edài àtheà"tude tsàData ase.àItàthe àsho sàtheàstude t sàlea i gà style and recommends which materials should be used for the next lesson.

Learning Module: This module uses the results from the evaluation module and presents the materials that where recommended by the system. These materials are then retrieved from the Materials Database. Once the materials are obtained, they are sent to the Web Service which contains the Dynamic Learning Objects. These will then send the materials through the Internet to the student application.

Dynamic Learning Objects: These are objects that help sending and displaying the correct materials for a certain student. They can transport different types of resources based on the materials and information that the Learning Module sends to them.

The eàadaptedàtoàse dàtheseà ate ialsàth oughàtheà et.àThe àa eàsto edài àtheàWe à

Service.

Web Service: Part of the system is used to communicate with the user (in our case, the student). This part stores the Dynamic Learning Objects that are used to send the recommended materials to the student according to his/her learning style. The student appli atio ài okesàtheàWe à"e i e sàope atio sàtoàfu tio .à"o eàofàtheàope atio sà that the Web Service handles are the initial evaluation, the (possible) reevaluations, the getting and displaying of the materials and finishing a lesson.

Internet: It is the media through which all the requests and responses to and from the Web Service and the Student Application travel.

Student Application: The client-sideà se i e.à It sà theà f o t-end, responsible for collecting input from the student, and later displaying the results according to such input.

The general idea for the system is that a student registers and his/her information is stored in the Students Database. An initial analysis using that information and the ideal student information is made by the Evaluation Module. Then the Evaluation Module communicates the assessment results to the Learning Module which requests the recommended materials to the Materials Database. When the materials are returned to the Learning Module, it sends them back to the Web Service, which contains the Dynamic Learning Objects that adjust according to the types of materials that are returned by the Learning Module. Then, the Web Service sends the materials through the Internet to their final destination, the Student Application. Once the student has finished a lesson, the Student Application informs this to the Web Service. Next, the Web Service informs the Evaluation Module and the Evaluation Module gets the proper test and returns the test to the Web Service. Finally, the Web Service sends the test to the Student Application. The student takes the test and the answers are returned to the Web Service and the Evaluation Module, which evaluates the progress of the student and chooses the materials for the next lesson. These are then retransmitted to the Learning Module. This process continues until the student makes a pause or finishes the course.

One thing to consider is that the system has to have a mechanism to remember the place in a lesson where a student left during the previous session. The student should be able to close the system and then re-open it and continue the lesson right where he/she left it.

Design database

The database used by the system is a relational database, containing data about the users and the materials that you can use the system. This section shows the design of the database: first shows a diagram of the user database and materials and then explains each of its components. the color gray shows the table name, the key is indicated by bold letters, the relationships are indicated by lines and a number to indicate that only 1 may be associated with a record of that table or an asterisk (*) to indicate that it may be related to 1 or more records of that table.

The components of the user database and materials shown in Figure 3-19 are:

•à Use :à Ta leà o tai i gà theà dataà f o à use sà hoà a eà a e,à add ess,à e ail,à pho e,à login and password. It is related to the result table.

•à 'esult:à Ta leà o tai i gà theà esultsà ofà aà stude t'sà testsà Felde à lea i gà st les.à The data are login, dimensión1, d1intensidad, dimensión2, d2intensidad, dimensión3, d3intensidad, dimensión4 and d4intensidad. It is related to the users table.

•àTest:àTa leàlistsàtheà uestio sàthatàtestàlea i gàst lesàFelde .àTheàdataà o tai edài àità are nopregunta, question, respuestaa and respuestab.

•à Cou se:à ta leà o tai i gà dataà fo à theà u e tà s ste à thatà a eà offe edà fall,à a e,à nocapitulos, idsubtema. It is related to the item table.

•à "u :à Ta leà o tai i gà dataà a outà ea hà ite à thatà e istsà i à theà ou se.à Theà dataà contained in it are idsubtema, name, summary, presubtema, sigsubtema, sigtema, sigcapítulo, fall, tienematerial, capítuloexamen. It is related to the tables and course material.

• global value is not checked because the students can choose both , for the sequentially the student wants to go at any time during the course, this was done to give more flexibility to students, and it is advisable to develop both dimensions and that there is a balance between the sequential and the global.

Implementation

The technical architecture was implemented using Microsoft Visual Studio .NET 2003 as the programming language, MySql 5.0 as the database server and MySQL Connector Net 1.0.7 to connect the database with the web service WSLearning.

These components were used because they allow the system to be accessed online, so that the student does not need to stay in the place where the Web Service is to enter the system, so you can connect from elsewhere. The database manager was chosen because it is a tool that had previously worked and because it appears easy to use, besides it serves to store the data for the students and the course allowing the system to function properly. Visual Basic. NET was chosen as a simple language, but provides great potential for development of system. Moreover, you can use graphic elements easily.

with both the database as the application of the student. Subsequently, the Internet is the means by which it becomes possible to communicate between the user and the Web Service. Finally, the program user will use the services of the Web Service to function.

Testing the system

Below are diagrams of the sequences to be met by the system to function properly. In this case the user enters their login and password, the system validates frmAlumnos and the screen that contains information for students attending the course. You can also select the key to a student to see that the result obtained in the test of learning styles of the Felder frmResultadoTest screen. Figure 3-24 shows the sequence to show syllabus item, here follows the same sequence described in Figure 3-14 except that the screen is pressed frmTemario the button "Start" or "View Item" (if already selected a topic) and the screen frmMostrarTema or frmMostrarTemaVIS according to student's learning style (visual or verbal) that outlines the selected topic. Figure 3-25 shows the sequence to re-take the test of learning styles, once the student has been validated by the system, select the "Take Test" and the screen frmExamen, where they appear sequentially in the 44 questions test. The reason for re-take the test is so that students can modify the type of materials that appear in each lesson, in this case the learning style obtained during the test at the beginning of system use is not suited to the student. This can happen if the student, while answering the quick test, did not think her response, so this will give you the opportunity to test it in stride. Figure 3-28 shows the sequence to modify the data of a student; this must first be validated and entered into the system. Once the screen is frmOpciones select the "Change Data" and the screen frmModificar here to change the data necessary and select "Edit" to update the data in the database.

Approach evaluation: experiment with students

Course selection

Computing Engineering Students in the 2006 introductory programming course at ITAM were used as subjects. Twenty six students had three hours of lectures each week. The course was based on teaching the C Programming Language. At the beginning the Felder -Solomon Index of Learning Styles Instrument was applied to determine the students individual learning styles. The course took place during the stude ts àfi stàse este .àTheàI st u e tà asài teg atedài toàtheàs ste ,àa dàall of the students answered the test. The student used the selected material during the course and at the end of the semester we analyzed the results (see the full contents of the assignment in Appendix A).

Field work

The practical part initiated when trying the system with real students this new form of learning.

áàtestàofàtheàs ste à asà adeà ithà àstude tsàf o àtheà álgo ith sàa dàP og a s à class. Each student first had to register his/her data in the system, then had to answer a test to obtain his/her learning style, and finally got a chance to explore the system and study the materials that best fitted his/her learning style.

The most important differences shown by the system are in the input dimension (visual and verbal), given that the system, for the students that the learning style was visual the system shows the topic material with more pictures and graphics materials or the students with verbal learning styles the system shows the explanations with more plain text, for sequential learning styles students the system is not flexible with the syllabus, the syllabus is mandatory , the students take the lesson topic by topic, that is, sequentially, and for the global students the syllabus is completely flexible, they can choose the topic with a hyperlinks even though it has prerequisites, the students can follow their road. For the other dimensions, such as the active or reflexive, it shows very similar materials, since they were exercises with their answers. For the sensitive or intuitive case, the materials were examples with little explanations about them. Concerning how students felt when they interacted with the system, 92.31% said they felt all right with the system, while the remaining 7.69% said they wanted a friendlier interface.

The students thought that the system is based on an interesting idea, a nice alternative for people with trouble understanding a particular subject.

Regarding the handling of the system, 92.31% thought that the system was easy to use si eàit sà lea ,àf ie dl ,àsi ple,à ellàst u tu edàa dàe plai ed,à utàthe àstillàaskedàfo à more tables and different options. Only 7.69% had complaints vis-à-vis the friendliness of the interface.

Conclusions

The results obtained with the system were interpreted and analyzed, and it reached conclusions on the importance of looking for new forms of learning in a world that continuously is advancing in this field

The use of a system with architecture similar to the one described above helps raise theà lea i gà a ilitiesà ofà theà stude t,à asà theà s ste à adaptsà toà ea hà stude t sà particularities. Furthermore, the system will be able to display the same information in different ways, with different resources, making the learning process easier due to the fact that some people are more receptive to some kind of information than other. Therefore, the use of several resources will help all kinds of students.

There are many studies concerning nothing but learning styles; there are many tutoring systems without a pedagogical method [START_REF] Gilbert | Learning C with Adam[END_REF]. What makes this system different is that it integrates both points of view, and that it shows the material on a user-customized basis.

Psychologists who have studied learning styles generally diagnose the average style of a given group of students and give recommendations on how to teach them based on this average. On the other hand, in our system, it is the specific learning style of each student that is both diagnosed and targeted by the teaching module of the system, thus providing individualized instruction.

The system's design is generic in the sense that we have used it to teach the C programming language, but can easily replace this course material with other subject matter by modifying only the Materials Database, without the need to alter any other parts of the system.

Therefore an answer to research question 1: Is it helpful for a student in a course to learn and acquire knowledge using his/her particular learning style and e-media combined in a learning system? Yes is very helpful. The results obtained with the system were very satisfactory, since we confirmed the fact that a student can learn more if the teaching is accorded to his/her learning style. The system was accepted positively by the students who participated in the test. They thought that this is an innovative idea that can help people have a better performance whilst learning.

It was essential to make this experiment because we could test the feasibility of our research and we conclude that it is possible also we introduced the concept of personalization based on learning styles and electronic media as being well accepted by students, but we know that the matching was limited to only two learning styles and one teaching strategy, so we found several problems: which is the correct e-media material for the each learning styles? Are the teaching strategies important to that selection? We, therefore, have chosen a different approach and decided to concentrate on generating the guide for the user. Then we consider a different approach and decided to concentrate on generating a framework for matching the learning styles and electronic media, but not only the electronic media, also the teaching strategies. We suggest a solution of these in the next chapter.

Student learning styles adaptation method

In the previous chapter we identified the types of strategies that can be applied in an e-learning system as a response to users' learning styles. We distinguish between instructional strategies such as selection of items, ordering information or providing different instructional material. To provide this strategy classification we looked through the chapter at the recommendations from the psychological literature as well as at the existing examples of e-learning systems providing adaptation to learning styles.

Recent research on the learning process has shown that students tend to learn in different ways and that they prefer to use different teaching resources as well. Many esea he sà ag eeà o à theà fa tà thatà lea i gà ate ialsà should tà justà efle tà ofà theà tea he sàst le,à utàshouldà eàdesigned for all kinds of students and all kind of learning styles.

Even though they agree on the importance of applying these learning styles to different learning systems, we found with the previous application that various problems still need to be solved, such as matching teaching contents with the student's learning style.

The current chapter 2 presents our approach to try to solve this problem. We describe the design of a personalized teaching method that is based on an adaptive framework using Felder and Silverman's learning styles and which is combined with the selection of the appropriate teaching strategy and the appropriate electronic media. Students are able to learn and to efficiently improve their learning process with such method. Section 4.1 describes the introduction and the related works. Section 4.2 explains the pedagogical model that includes learning and teaching styles, summary theory discussed in the previous chapters. Section 4.3 explains the adaptive teaching framework, the results of validation of our framework through interviews with and questionnaires for a number of psychologists with expertise in the field of learning styles and how they are visualized by end-users. Section 4.4 first refers to guidelines for use the framework, and then it presents the application method of evaluation of our framework from the point of view of authoring ease and satisfaction with the resulting presentation which we performed with students of our university. Finally in Section 4.5 provides the results of validation and evaluation of our approach. By presenting the actual implementation this chapter answer research question 2 of this dissertation.

4.1 Incorporating learning styles, teaching styles and electronic media

Introduction

Humans have different ways of learning. Some can assimilate in a better way the knowledge received visually, auditory or through a certain sense. Psychology and cognitive sciences have longtime explored this question. The Dual Coding Theory, for example, states that information is processed through one of two usually independent channels [START_REF] Beacham | Media combinations and Learning Styles: A Dual coding Approach[END_REF]. While one channel processes verbal information such as text or audio, the other one processes visual information like diagrams, images, animations, etc. The Sperry's Nobel Prize winning left-brain / right-brain model of thinking suggested that the right hand side and the left hand side of our brain possessed specialized and differentiated functions (Dervan, et al. 2006). The left cerebral hemisphere is thought to be more verbal, logical or clinical, that is, more analytical, while the right cerebral hemisphere influences more the artistic and the sensing side of our intellectual. Powerful encoding and visualization techniques have shown to enable the creation lasting memory and improve recall. Dual encoding, for example, has proven to be an extremely effective learning tool. The simplest and most common form of which involves presenting the information both textually and visually.

Wholeà ai à lea i gà isà k o à toà eà aà far more effective way to learn. The better connected the two halves of the brain, the greater the potential of the brain for learning and creativity [START_REF] Rose | Accelerated Learning[END_REF]Dervan, et al. 2006).

However, most educational systems have ignored individual differences that exist between learners, such as the learning ability, the background knowledge, the learning goals and the learning style [START_REF] Ford | Matching/mismatching revisited: an empirical study of learning and teaching styles[END_REF]. Educational systems generally provide a unique and standardized teaching material to all learners which tend to benefit to those whose learning style and background knowledge fits well with the teaching material. If the teaching style employed closely matches the student preferred style of acquiring knowledge, learning becomes easier and more natural, results improve and learning time is reduced [START_REF] Rose | Accelerated Learning[END_REF]. On the other hand, if a student, for example, is more visual than verbal and everything is written on the blackboard without auditory resources, the student will experience difficulties in attaining the pedagogical goals in the requested time. In a few words, traditional teaching material and strategies generally tend to benefit some students more than others.

In this sense, it is necessary to deploy resources to support the learning process in a way that it not only suits the characteristics of a few, but that it adapts to the characteristics of each student. In the context of Information Technology evolution and the availability of large number of electronic media, the idea of matching e-media with appropriate teaching and learning styles has been explored since the late 90's. There are many studies on the effectiveness of combining multimedia and hypermedia with learning styles in educational systems [START_REF] Najjar | Multimedia information and learning[END_REF][START_REF] Liao | Effects of hypermedia on students' achievement: A meta-analysis[END_REF]. They attempt to associate specific e-media characteristics to different categories of learners and propose instruments and methods for assessing learning style [START_REF] Riding | Cognitive Styles and Learning Strategies[END_REF].

Most of these studies rely on Kolb's Learning Styles Inventory (LSI) [START_REF] Kolb | Experiential Learning: Experience as the Source of Learning and Development[END_REF]) and Soloman-Felder Index of Learning Styles (ILS) (Soloman & Felder, 1993).

However, very few researchers give an idea of which appropriate combinations of electronic media and learning styles are more effective than others. An electronic media can be used in different ways to implement different teaching strategies which can be matched with different learning styles. For example, a discussion forum can be used in different ways. It can be used to assign a practical task to students in such a way that students solve the assigned problem in a collective manner. This fits well with sensitive learning style. The discussion forum can also be used to give a sequential series of theoretical presentations to students who can interact with the teacher. The sequence of presentations associated with the corresponding discussion is an adequate teaching material for sequential style students.

The goal of this chapter is the creation of teaching methods and environments that use the vast resources offered by IT in such a way to adapt teaching material and strategies to the learner's skills and learning style. We use [START_REF] Felder | Learning and Teaching Styles in Engineering Education[END_REF] model for defining learning style, together with empirically built adaptation framework for matching e-media with combinations of teaching strategies and learning styles. In a previous work, we explored some basic ideas concerning the matching of e-media and learning styles in the context of an experimental e-learning system [START_REF] Franzoni | Using Learning Styles to enhance an e-Learning System[END_REF]. In this dissertation, we present a general framework for combining and adapting teaching strategies, learning styles and electronic media. This framework has been experimented in an undergraduate computer science course. First results show that a majority of students have a better assimilation of knowledge and that students appreciated positively the personalized pedagogical material proposed in the course.

Examples of e-learning systems with adaptation to LS

Recent investigations (Kwok & Jones 1985;[START_REF] Carver | Enhancing Student Learning Through Hypermedia Courseware and Incorporation of Student Learning Styles[END_REF][START_REF] Gilbert | Adapting instruction in search of a significant difference[END_REF][START_REF] Grigoriadou | INSPIRE: an intelligent system for personalized instruction in a remote environment[END_REF][START_REF] Stash | Incorporating cognitive styles in AHA! (THE ADAPTIVE HYPERMEDIA ARCHITECTURE)[END_REF][START_REF] Hong | Adaptation to Student Learning Styles in Web Based Educational Systems[END_REF], try to integrate the learning styles and e-media in the design of their applications. This is not an easy process, however. One of the main difficulties on the designing of hypermedia systems, is linking the learning styles with the hypermedia applications. Most of the teaching systems adaptation that integrates learning styles is asedào àtheàp e iseàthatàadapti gàtheàtea hi gàst ategiesà ithàtheàstude ts àlea i gà styles will give better results [START_REF] Dagger | An Architecture for Candidacy in Adaptive eLearning Systems to Facilitate the Reuse of Learning Resources[END_REF]Paredes & Rodriguez 2002;[START_REF] Stern | Adaptive content in an online lecture system[END_REF]Triantafillou, Pomportsis & Georgia 2002). (Triantafil lou et al., 2003) field-dependent (FD) and fieldindependent (FI) style [START_REF] Witkin | Field-dependent and fieldindependent cognitive styles and their educational implications[END_REF] Provides field-dependent learners with navigational support tools, such as concept map, graphic path indicator, advanced organizer, in order to help them organize the structure of the knowledge domain. The system guides them through the learning material via adaptive navigation support.

Field-independent learners are provided with a learner control option -for them, the system shows a menu from which they can proceed with the course in any order. This review shows that the different adaptation to learning styles systems are done in terms of content adaptation, navigation routes or the use of multiple navigation instruments. However, the election of learning styles seems to be limited, while it is based on the appropriate technology. Also, most of the systems shown, except CS388 and PHP Programming Course, evaluate and adapt to the chosen learning styles dimensions. One disadvantage of CS388 and the PHP Programming Course is that ele t o i à ediaàisàli itedàtoàg aphi s,àh pe te t,àaudioàa dà ideo,àa dàthatàitàdoes tà integrate teaching strategies. In this sense, this work is new and significantly different from the previous efforts done by others in the field.

Pedagogic model

Learning styles model by Felder-Silverman

We have selected the Felder and Silverman model as the basis of our framework of adaptive teaching for the following reasons (how we mentioned in chapter three):

 it has been successfully implemented in previous work when individually adapting the electronic learning material (Carver, Howard & Lane, 1999;[START_REF] Hong | Adaptation to Student Learning Styles in Web Based Educational Systems[END_REF]Paredes & Rodriguez, 2002),

 it has been approved by its author and other specialists [START_REF] Zywno | A Contribution to Validation of Score Meaning for Felder-Soloman's Index of Learning Styles[END_REF][START_REF] Felder | Applications, Reliability and Validity of the Index of Learning Styles[END_REF],  it is user friendly and the results are easy to interpret,  the number of dimensions is controlled and can actually be implemented (Paredes & Rodriguez, 2002). 

Teaching strategies

Teaching strategies (TS) are the elements given to the students by the teachers to facilitate a deeper understanding of the information. The emphasis relies on the design, programming, elaboration and accomplishment of the learning content.

Teaching strategies must be designed in a way that students are encouraged to observe, analyze, express an opinion, create a hypothesis, look for a solution and discover knowledge by themselves. Teaching strategy, for example, refers to an organized and systematized sequence of activities and resources that teachers use while teaching. The main objective is to facilitate the students´ learning.

One crucial aspect of our research is the integration of electronic media with teaching strategies, because of the informational technology breakthroughs that allow us to use a variety of them. On the other hand, we need to link such teaching strategies with the concept of learning styles, something that has tà ee àe ploitedàtoàtheàe te tàthatàisà intended here. The teaching strategies for this case are in table 4-3.

LSD= {(Sensitive (S) / Intuitive (I)), (Visual (Vi) / Verbal (Ve)), (Active (A) / Reflexive (Re)), (Sequential (Seq) / Global (G))}.

In this case, there are 16 (2 4 ) learning styles combinations (LSC):

LSC={(S,Vi,A,Seq), (S,Vi,A,G), (S,Vi,R,Seq), (S,Vi,R,G), (S,Ve,A,Seq), (S,Ve,A,G), (S,Ve,R,Seq), (S,Ve,R,G), (I,Vi,A,Seq), (I,Vi,A,G), (I,Vi,R,Seq), (I,Vi,R,G), (I,Ve,A,Seq), (I,Ve,A,G), (I,Ve,R,Seq), (I,Ve,R,G)}.

A detailed review of the learning styles theory helped us establish the following three attributes for a learning style:  description,  appropriate pedagogical method  characteristics of the media to used Then, the description and the appropriate method were associated to find the suitable teaching strategies, and finally the characteristics of media to be used mentioned in the learning styles theory was linked with the electronic media.

Each LSC can be associated with a teaching strategy (TS i ): TS = {TS 1 , TS 2 ,à…à,T" 9 }.

Teaching strategies hold a one-to-many relationship with the learning styles. There can be one or many teaching strategies that accommodate one learning style.

Each LS can be associated with an appropriate electronic media (EM i ):

EM= {EM 1 , EM 2 ,à…à,àEM 27 }.

Learning style hold a one-to-many relationship with the electronic media. For each learning style, there are one or many teaching strategies that can be implemented by one or many electronic media based on adequate learning style (see Figure 4-1). 

Delphi expert panel

Delphi is a structured group communication method for soliciting expert opinion about complex problems or novel ideas, through the use of a series of questionnaires and controlled feedback. Delphi has been well explored in a variety of areas, including government, medical, environmental and social studies, as well as business and industrial research [START_REF] Linstone | The Delphi Method: Techniques and Applications[END_REF], but had limited use in Information Systems (IS) research (e.g. [START_REF] Brancheau | Key Issues in Information Systems Management: 1994-95 SIM Delphi Results[END_REF][START_REF] Galliers | Coping With Information Technology? How British Executives Perceive The Key Information Systems Management Issues In The Mid-1990s[END_REF][START_REF] Schmidt | Identifying Software Project Risks: An International Delphi Study[END_REF]. In all subject domains Delphi has been primarily employed for forecasting, planning, issue identification or for framework/strategies development [START_REF] Okoli | The Delphi method as a research too: an example, design considerations and applications[END_REF]. Thus the method has mainly been used for theory generation, rather than testing and evaluation [START_REF] Holsapple | Knowledge manipulation activities: results of a Delphi study[END_REF].

Characteristics of the Delphi method

The Delphi is founded upon the use of techniques that aim to develop from a group of informants an agreed view or shared interpretation of an emerging topic area or subject for which there is contradiction or indeed controversy.

Key stages in a Delphi study

An analysis of the process followed and the relevant literature yielded a generic Delphi model, comprising the exploration stage.

Electronic media (EM)

Learning style dimension (LSD)

Teaching strategy (TS)

Description Characteristics of the media to be used

Appropriate pedagogical method

The exploration stage [START_REF] Linstone | The Delphi Method: Techniques and Applications[END_REF][START_REF] Ziglio | The Delphi Method and its Contribution to Decision-Making[END_REF] is a free-flowing and unstructured investigation of the issues, limitations, challenges and problems that affect or are affected by the elements within the study domain. It includes the following activities:

 establishing criteria for selection of participants  establishment of a Delphi panel  design of the data collection and analysis instruments  eliciting the initial set of issues to be tested through the Delphi rounds,  Piloting of the toolkit.

We are describing how we did the framework. This framework has been constructed based first with the literature review and previous findings and a Delphi panel.

Activities for the Delphi panel, first we chose one panel to participate in the exercise, 10 teachers from ITAM with experience in computer courses, 10 teachers from different universities with experiences with e-learning in computer courses. After that we developed a questionnaire and tested electronically with a small different group for ITAM teachers (e.g., ambiguities, vagueness), then we send electronically the first questionnaires to the panelists, after that we analyzed the first round responses, then we send again the second round questionnaires, we analyzed the result again and prepared the report and the questioner again for 6 experts which were held during the IIIàCo g esoàdeàEstilosàdeàáp e dizaje àatàC e esà "pai F a zo iàetàal.à ,àfi all à we consolidate all the information and made some graphics to illustrate the results.

Results the Delphi expert panel

In order to establish the relationship between the different dimensions, the teaching strategies´ variables and the electronic media, a detailed review of the surveys was done, thus getting the components that relate to the content, method and media. Then, the methods and contents were associated to find the suitable teaching strategies, and finally the media mentioned in the learning styles theory was linked with the electronic media.

Figure 4-2 illustrates the results of the matching between the teaching strategies and lea i gà st les.à Note:à theà e pe t sà esultsà e eà asedà o à theà a s e sà fo à t e t à teachers, and they selected the teaching strategy that matches better with the learning style. The measure has up to 15 including their answers. 

Guidelines for use

The analysis of tables 4-4 and 4-5 should allow the teacher to determine the most appropriate teaching strategy and course material. Different approaches can be used.

A recommendable approach consists in clustering students with similar learning styles and using the appropriate teaching strategy and material for each of the groups.

Usually, the teacher is not able to implement such an approach, due for example to course time constraints, unavailability of the appropriate resources, etc.

Should this be the case, another plausible approach consists of the identification of the g oupàa e ageàst le àa dàtheàsele tio àofàtheà ate ialàa o di gl .ààáàthi dàalte ateà approach (and perhaps the most recommendable one, should the resources allow it) consists of the use of different types of materials (thus targeting different styles) for a set of two or three learning units at a time.

The selected material would be used on a rotational basis. This can be done with the integration of teams or groups of students having different learning styles. The adoption of this third approach allows the creation of team group skills for the students. Since the analysis of the table can result in having a list of suggestions (on teaching strategies to employ) that is still too long/complex to really serve as a guide for the teacher. In this situation the teacher might want to focus only on the teaching strategy that is representative of each category of learning style. This is illustrated in the following, overall recommendations are presented to select teaching strategy and prepare e-media material for each learning style.

Sensitive Learning Style: The content must be practical, courses must have an immediate connection with the real world, using concrete methods that are oriented towards facts and procedures that follow previously established techniques. The requested homework must be detailed, not global, including problem solving, laboratory exercises and concept memorization.

Teaching Strategy: Learning based on problem solving. Electronic Media: Forums

Intuitive Learning Style: The content must be innovative, courses must have an oriented to theory and meanings, with abstractions and mathematical formulae, avoiding repetitive methods. The requested homework must include the discovery of relations and actions. The introduction of new concepts can be used but not as memorizing facts but as abstractions.

Teaching Strategy: Discussion panel Electronic Media: WebQuest

Visual Learning Style: The content must be a heavy on visual components. The requested homework must include actions to visualize, the information gathering must use visual representations, images must be used in order to make it easier for the students to remember the contents, and the teacher can request diagrams that summarize the homework. Teaching Strategy: games and simulations Electronic Media: Animations

Verbal Learning Style: The content must have a lot of oral and textual components. The requested homework must include written essays or oral presentations, the information gathering must use textual representations, texts must be used in order to make it easier for the students to remember the contents, and the teacher can request abstracts that summarize the homework.

Teaching Strategy: Brainstorm Electronic Media: Audioconference.

Active Learning Style: The content must be applicable, courses must have an immediate connection with using practice (discussion, implementation, group presentations). The requested homework must include experimentation and work in groups.

Teaching Strategy: Role playing Electronic Media: Forums

Reflexive Learning Style: Students observe and ponder experiences. Data are collected and analyzed thoroughly about before any conclusion is made. The content must be related with experiences. The requested homework must include personal work.

Teaching Strategy: Cases study Electronic Media: Hypertext Sequential Learning Style: The content must be written orderly, step by step, courses must have a lineal reasoning process. The requested homework must consist of small orderly steps that are logically associated to the problems being solved. Teaching Strategy: Presentation Electronic Media: Slideshows Global Learning Style: The content must be written in big leaps, suddenly and almost randomly. Students can solve complex problems quickly and put things together in an innovative way but may have difficulties to explain how they did it. This allows seeing everything as a whole.

Teaching Strategy: Project design method Electronic Media: Wiki

Application method

The adaptive teaching framework is a suggestion to change our way of teaching, student-centered, knowing the meaning and practical applications of the theory of lea i gà st les.à It sà otà thatà ea hà ofà ou à a tio sà o fo à toà theà tea hi gà st les of student learning. Applying the method in this example would be impossible because of the diversity of styles found in the classroom. It is throughout our classes that we offer a clear attention to the students of different learning styles, we organize activities that take into account individual learning style, those consultations are designed taking into account the variety of learning styles of students, by this way the student learning can guide properly.

The proposed method will link learning styles, teaching strategies and electronic media based on the adaptive framework described above, according to a study plan or particular educational objectives to support teaching. There are three factors that affect the application method: teacher, student and the method itself.

Figure 4-6 Phases for the application method

There are three main phases for this method (see Figure4-6):

1. the application of the Felder and Silverman learning styles survey, when it sàaà traditional class, like the example shown in this article, as mentioned before, it is impossible to generate all the material in all styles of learning, therefore it is necessary to take into account the predominant styles of the students who will be the basis for the two examples selected targets of the material to cover, 2. select the guide use and study the plan is reviewed to set the course objectives, 3. Selection of the teaching strategies and electronic media is according to the adaptive teaching framework and based on the results of the learning styles questionnaire.

Not all the resulting teaching strategies and corresponding electronic media have to be used for every style. You can select the ones that are available.

Example of method application

The Instituto Tecnológico Autónomo de México´s (ITAM) Algorithms and Programs course (ID course -COM11101) for first year engineering students was used to test the validity of the method.

In the first phase the Felder and Silverman learning styles questionnaire was given to 30 students. The results are shown in The results show that in the Perception dimension, students are more sensible than intuitive. The most significant difference is in the Entry Channel dimension, where 85% students came out to be visual and only 15% were verbal. In the case Processing dimension, it was found that most of the students are active. Finally, in the Understanding dimension, it shows that they are mostly sequential. As a result, the predominant combination for each dimension style of the class is {(Sensitive/Visual/Active/Sequential)}.

I à theà se o dà phase,à eà sele tedà theà se o dà useà Ide tif à theà g oupà a e ageà st le à and select the material accordingly; the study plan is reviewed to specify the objectives of the course. The following information was used: The main objective of this prominently formative course is to develop within the student the ability to analyze and solve problems in a methodic way, as well as to express its solution in algorithmic terms. The student will get to know the basic techniques of procedural programming and will use them through C programming language.

This course is complemented with a two hour lab practice every other Friday. During this lab class the teacher will guide the students towards the solution of problems usi gà algo ith sàa dàp og a s .

Co side i gàthisà ou se sà ha a te isti s,àitàisàhighl à e o e dedàthatàstude tsàsol eà the largest number of possible problems. Practice and application of the concepts seen in class on specific problems is what will allow a student to fully understand the theory.

These are the topics of the full course "álgo ith sàa dàP og a s ,à hi hàa eàa a gedà based in the specific objectives. Here are the different modules: In this third phase, a selection of the teaching strategies and electronic media based on the adaptive teaching framework is done according to the results of the learning styles questionnaire, and also based on the predominant style at this class {(Sensitive/Visual/Active/Sequential)}. Table 4-11 explain the description for each learning style selected, the appropriate pedagogical method, the characteristics of the media to be used, the teaching strategies and the fitting electronic media to be used for this particular style. The description give details about the preferences for the sensitive style, like must be practical, the material must be linked to the real world, with a highly visual approach and easily applicable; teamwork must be encouraged too, the teacher needs to consider all of this for create the course material. Tables 456789101112and 4-13 describe the example, how to consider this in the syllabus (Algorithms, Programs and Flowcharts topic). According to electronic media categories selected in the table above the teacher can select the specific electronic media that should be the most appropriate to instruct knowledge (see Table 4-11).

SPECIFIC OBJECTIVE

Content Teaching Strategies

Electronic Media -Identify the pros of solving problems using flowcharts.

-Establish the importance of using diagrams to help solving more complex problems.

* Presentation

*Question and answer method Read(eBooks, hypertext (web pages), slideshows) The different ways of doing the course helps in raising the learning abilities of the student. The teacher displays the information in different ways, with different resources, making the learning process easier due to the fact that some people are more receptive to some kind of information than the others. The previous table displays the wide variety of resources that the teacher might use (if available), according to the course objectives. It is also helpful to identify and select the different tools that might be used.

Examination of the table allows the teacher to get a better knowledge of the different potentially useful tools, as well. This can result in a better integration of strategies and selection of instructional tools (some of which might be unknown by the teacher) in later courses. The results of the students were better than other courses which did not use our method. The student's evaluation of the course was much better as well. The use of several resources helps all kinds of students; they were globally very satisfied with the electronic media used. The method was accepted positively by the students. They thought that this is an innovative idea that can help people have a better performance whilst learning.

There are many studies concerning learning styles and their usage in teaching methods, and there are many tutoring systems without a pedagogical method [START_REF] Gilbert | Learning C with Adam[END_REF]. This adaptive teaching framework presented here is different because it deals directly with the problem of matching teaching strategies with electronic media based on learning styles. Even though the presented example is a traditional class (face to face), it can be completely automated if the discussed set of rules is applied. This way, if an e-learning system is implemented, full personalization of the learning process may be achieved.

Conclusions

The work presented in this chapter describes the development of an integrated framework combining learning styles, different teaching strategies and the corresponding appropriate electronic media and answer the question 2. Can we specify how to create a general framework for combining and adapting teaching strategies, learning styles and electronic media? The answer is to provide a structured method to help in facilitating the learning process and personalizing the pedagogical resources. This method can be used in traditional face to face classes where the tea he à a à al ulateàtheà ou se sàstude t'sà ep ese tati eàlea i gàst leàtoà hooseàtheà suitable media as proposed by the adaptive teaching framework. It can also be used in distance learning courses where it acts like a catalyst to achieve an automatic personalization in the hypermedia systems. It is worth mentioning that combining tea hi gàst ategiesà ithàele t o i à ediaàasàp oposedà àou à ethodàdoes tàa tài àa à excluding way. It can be combined with any additional teaching approach and/or teaching resources. Because the method and the adaptive framework are user f ie dl ,à theà pe so à i ple e ti gà thisà ethodà does tà ha eà toà eà i fo atio à technology subject matter expert.

We consider the recommendations on teaching strategies and electronic media that match a certain learning style as an important contribution to the field of pedagogical teaching methods. The evaluation of student's learning style gives a strong insight about the students' ability to capture the teacher's message. The proposed framework offers a wide range of possibilities for building a course. Even if full personalization is not possible in face to face teaching, the teacher can develop different versions of the teaching material so that to fit to the learning styles of the largest number of students.

Ità ightà happe à thatà aà tea he à doesà otà k o à theà stude ts à lea i gà st les.àà Furthermore, he/she might not know either the appropriate educational strategies or instructional material for their courses. The presented framework is thus a useful tool to get a better knowledge of the wide variety of resources available to use in class.

Matching learning styles with teaching strategies and emedia: two case studies

In this chapter we analyze the learning styles matching with teaching strategies and electronic media. In addition we analyze similarities and differences in learning styles among students enrolled in computing courses, offered to students in engineering and social sciences programs at the Instituto Tecnológico Autónomo de México (ITAM). We also analyze similarities and differences among the teaching strategies shown by their corresponding teachers. A comparative analysis on student learning with teaching strategies and electronic media, allow us to suggest that, despite academic program differences, there are strong similarities not only between the students learning styles but also between the teaching styles of their professors. We discuss how these findings have significant inference for validate the framework, as well as suggest the generalization.

Section 5.1 describes the introduction and the related works. Section 5.2 presents background material concerning students ITAM; it presents information about instruments used to identify learning styles. Section 5.3 presents the methodology used for this study. Section 5.4 presents the validation and generalization the framework, for this we explore the matching the learning styles with the teaching strategies and the learning styles with the electronic media, and also identify and contrast the learning styles of engineering and economic students and lists the factor contributing to their success in introductory computer courses. The implication of the findings on the pedagogical design of computer courses at ITAM are presented in Section 5.5, finally in section 5.6 presents concluding remarks.

Introduction

The advances on Information and Communications Technology have an influence in education and bring about transformations in regard to what and how to teach, among othe sà aspe ts.à "ali asà à sa sà tea he s à k o ledgeà i à elatio à toà ea s,à thei à desig àa dàpedagogi alàusageàisàe t e el à ele a t,à e auseàtea he sà a eàessential at the time of initiating any change. Their knowledge and skills are essential for the o e tà ope atio à ofà aà p og a ,à thus,à ità isà eededà toà e te dà theà t peà ofà edu ati eà experiences that they can offer to the students when using means that are available on their environment and that form a part of the technological culture that surrounds them.

Nowadays, the use of electronic media in education enhances and supports the learning process. It enhances it because a person can acquire new knowledge in a more flexible and adaptable way than with the traditional method and it supports it by introducing innovative elements that help students reaffirm the subjects studied in class.

The above statements are representative of serious mismatches between the learning styles of students and the teaching style of the instructor. In a class where such a mismatch occurs, the students tend to be bored and inattentive, do poorly on tests, get discouraged about the course, and may conclude that they are not good at the subjects of the course and give up [START_REF] Oxford | Style wars: Teacher-student style conflicts in the language classroom[END_REF]. To reduce teacher-student style conflicts, some researchers in the area of learning styles advocate teaching and learning styles be matched (e.g. [START_REF] Griggs | Selected case studies of the learning style preferences of gifted students[END_REF]Smith & Renzulli, 1984;[START_REF] Charkins | Linking teacher and student learning styles with student achievement and attitudes[END_REF] and bridging the gap between teachers' and learners' perceptions plays an important role in enabling students to maximize their classroom experience. This chapter3 describes a comparative analysis of the learning styles of undergraduate engineering programs and social and economic programs at ITAM students and the assumption underlying the approach taken here is that: to which extent is it possible to validate and to generalize this framework?

To suggest a solution, this question addressed the following objectives in a comparative mode:  Identification of learning styles for undergraduate engineering, economic, business, mathematics, law, accounting students and their correlation with teaching strategies;  Identification of learning styles for undergraduate engineering, economic, business, mathematics, law, accounting students and their correlation with the electronic media;  Identification of learning styles for undergraduate engineering, economic, business, mathematics, law, accounting students and their correlation with individual performance;  Identification of learning styles for undergraduate engineering, economic, business, mathematics, law, accounting students and course performance;  Identification of electronic media and their correlation with teaching strategies;  Examination of the association between teaching style and learning style.

Background

Institutional and student body comparison

ITAM is a private school in México City, nonprofit research institution with an enrollment of approximately 4800 undergraduate students. This university is accredited by FIMPES. ITAM's main purpose is to contribute to its students' comprehensive education and to the development of a more prosperous, just, and free society. It also aims to become a community in its fullest sense, an institution of academic freedom and excellence, and a high quality autonomous research center.

The computer academic department was formed in 1983 and currently has over 550 full-time engineering students; also, the academic department offers computer courses to other programs, 80% of these students have economic-administrative academic programs. Students at ITAM come from a diverse set of backgrounds, including different cities from México. ITAM offer 12 undergraduate programs: Actuarial Science, Applied Mathematics, Business Administration, Business Engineering, Computer Science, Economics, Industrial Engineering, International Relations, Law, Political Science, Public Accounting and Financial Strategy, and Telematics Engineering. They provide a heterogeneous student population.

Learning styles

The concrete strategies may vary from person to person, but have been narrowed down to certain global trends. These global trends or preferences, plus particular ways of learning, constitute the learning style [START_REF] Felder | Learning and Teaching Styles in Engineering Education[END_REF].

The fact that not all people learn the same way can be seen in a classroom. The same lesson is given to a group of students. Some of them have better performance than others. According to Sewall, there are several theories about learning styles [START_REF] Sewall | The Measurement of Learning Style: A Critique of Four Assessment Tools[END_REF], how we described in chapter two. This study used the ILS. The ILS is the instrument that Felder uses to evaluate a stude t sàlea i gàst le.àTheàIL"àisà o e ie tl àa aila leào àtheàI te etàa dà o sistsà of 44 multiple-choice questions designed to separate the learning style affinities of an individual. The 44 questio sàha eàt oàpossi leàa s e sà a ào à .àTheài te sit àofàaà dimension can vary from 1 to 11. This is because each dimension has 11 questions (Felder & Soloman, 1993). The organization dimension cannot be measured through this type of question. ILS has also been used in several computer science and engineering studies [START_REF] Allert | Learning style and factors contributing to success in an introductory computer science course[END_REF][START_REF] Chamillard | Using learning style data in an introductory computer science course[END_REF][START_REF] Thomas | Learning styles and performance in the introductory programming sequence[END_REF].

The natural learning style for humans is inductive. Studies have proved that most engineering students are inductive [START_REF] Klobas | Teaching with a Scalable, Multidisciplinary Learning Object: A Business School Case Study[END_REF]. In 2002, Felder removed the organizational dimension from his test (see the full contents of the assignment in Appendix A).

Teaching strategies and teaching styles

This study used 

e-learning tools

Emerging e-learning tools have the potential to enrich academic environments. The adoption level of emerging e-learning tools is on the rise in educational settings [START_REF] Long | The Horizon Report, New Media Consortium and EDUCASE Learning Initiative[END_REF]. These tools include instant messengers (IM), social bookmarks, podcasts, vodcasts, blogs, wikis, etc. Several examples can be sighted for incorporating these tools into courses (Farmer & Bartelett-Bragg, 2005;[START_REF] Augar | Teaching and learning online with wikis, In proceedi gsàofàtheàá[END_REF]. A review of learning theory suggests that learning styles and preferences influence the effectiveness with which individual learners learn. Therefore this can help lecturers choose the right methods of instruction for the right audience [START_REF] Smith | Accommodating learning styles: Relevance and good practice in vocational education and training[END_REF][START_REF] Saeed | Using learning styles and preferences to incorporate emerging e-learning tools in teaching[END_REF]. The web is transforming into a fully interactive space and the control of the content has been decentralized in order to allow everyone to collaborate, create, publish, subscribe and share information [START_REF] Asmus | Instructional design technology trend analysis[END_REF][START_REF] Saeed | Using learning styles and preferences to incorporate emerging e-learning tools in teaching[END_REF]. In academic settings, students and teachers alike are achieving many of the benefits of these interactions [START_REF] Baird | Neomillennial user experience design strategies: utilizing social networking media to support always on learning styles[END_REF]. For example, blogs facilitate publication of knowledge; opportunities for subsequent reflection and analysis, and help teachers understand the relational and contextual basis of knowledge (Ferding & Trammell, 2008 ;[START_REF] Saeed | Using learning styles and preferences to incorporate emerging e-learning tools in teaching[END_REF]. Similarly, wikis facilitate the creation of shared knowledge, dissemination of information, and group interaction [START_REF] Augar | Teaching and learning online with wikis, In proceedi gsàofàtheàá[END_REF]); social bookmarks allow quick and easy access online resources [START_REF] Asmus | Instructional design technology trend analysis[END_REF]; and podcasts provide an innovative way for people to improve communication, collaboration and social networking (Ratchman & Zhang, 2006). All these features are key learning elements and make emerging tools appropriated for educational settings.

Methodology

Selection of courses

Introductory computer courses required of all students were chosen at the university in the second semester (august -December 2008). The study is based in three different courses. The first course is for students with economic and administrative program (Business Administration, Economics, Public Accounting and Financial Strategy, Actuarial Science and Applied Mathematics), the course name is computational tools and algorithms (CTA) , the second course is for students with law programs (International Relations, Law), the course name is computer I (CI) and the third course is for engineering programs (Computer Science, Business Engineering, Industrial Engineering, and Telematics Engineering), the course name is algorithms and programming (AP). The three courses were similar in many ways. The courses met for three hours or lecture in a laboratory. Laboratory sections were typically 30 students or less. Students at three courses were required to complete a number of homework.

The three courses were for first semester.

Applied surveys

This study used the Index of Learning Styles Instrument (ILS) for the first part. The ILS is theà i st u e tà thatà Felde à usesà toà e aluateà aà stude t sà lea i gà st le.à Theà IL"à isà conveniently available on the Internet and consists of 44 multiple-choice questions designed to separate the learning style affinities of an individual. The 44 questions ha eàt oàpossi leàa s e sà a ào à .àTheài te sit àofàaàdi e sio à a à a àf o à àtoà 11. This is because each dimension has 11 questions (Felder & Soloman, 1993). The organizational dimension cannot be measured through this type of question. ILS has also been used in several computer sciences and engineering studies [START_REF] Allert | Learning style and factors contributing to success in an introductory computer science course[END_REF]Chamillard & Karalick,1999;[START_REF] Thomas | Learning styles and performance in the introductory programming sequence[END_REF].

For the second part used Teaching Styles Inventory (TSI) an instrument created by the And this study used the e-tools preferences survey. The e-tools preferences survey is the instrument that [START_REF] Saeed | Using learning styles and preferences to incorporate emerging e-learning tools in teaching[END_REF] uses toàe aluateàaàstude t sàp efe e esà à e-media. The survey is conveniently available on the Internet and consists of 43 multiple-choice questions. (see the full contents of the assignment in Appendix D).

Statistical methodology

Instead of using the X2 test [26] for ascertaining the normal distribution, a more strict statistical methodology of discordancy tests was applied [START_REF] Barnett | Outliers in statistical data[END_REF]. In fact, before calculating the statistical parameters of central tendency and dispersion estimates, it is mandatory to test the data for possible discordant outliers [START_REF] Barnett | Outliers in statistical data[END_REF][START_REF] Verma | Estadística básica para el manejo de datos experimentales: aplicación en la Geoquímica (Geoquimiometría)[END_REF]: We used unpublished computer program DODESYS, which is based on new precise and accurate critical values recently simulated for discordancy tests [START_REF] Verma | Critical values for six Dixon tests for outliers in normal samples up to sizes 100, and applications in science and engineering[END_REF][START_REF] Verma | Critical values for 22 discordancy test variants for outliers in normal samples up to sizes 100, and applications in science and engineering[END_REF][START_REF] Verma | Critical values for 33 discordancy test variants for outliers in normal samples for very large sizes of 1,000 to 30,000 and evaluation of different regression models for the interpolation and extrapolation of critical values[END_REF].

This program ascertains the presence or otherwise of statistically contaminated observations in experimental data, and thus permits the user to calculate the mean and standard deviation values from normal samples. Then, the output data were used to estimate the mean, median, and standard deviation values. Properly rounded values were reported in Tables as suggested by [START_REF] Barnett | Outliers in statistical data[END_REF][START_REF] Barnett | Outliers in statistical data[END_REF][START_REF] Verma | Estadística básica para el manejo de datos experimentales: aplicación en la Geoquímica (Geoquimiometría)[END_REF].

For evaluating possible correlations between variables, commercial package SPSS was used. The results were confirmed from ordinary least-squares linear correlations through the software OYNYL Verma et al, 2006), which is capable of providing three types of linear correlations.

To analyze data from more than two groups, commercial package SPSS was used. Oneway ANOVA is used to test for differences among two or more independent groups. Typically, however, the one-way ANOVA is used to test for differences among at least three groups, since the two-group case can be covered by a T-test [START_REF] Howell | Statistical Methods for Psychology[END_REF].

When there are only two means to compare, the T-test and the F-test are equivalent;

the relation between ANOVA and t is given by F = t2. New precisely interpolated critical values for Fisher F test were used to draw statistical conclusions [START_REF] Verma | Evaluation of polynomial regression models for the Student t and Fisher F critical values, the best interpolation equations from double and triple natural logarithm transformation of degrees of freedom up to 1000, and their applications to quality control in science and engineering[END_REF].

The precise and accurate critical values programmed in this version of DODESYS correspond to 99% confidence level (see [START_REF] Verma | Evaluation of polynomial regression models for the Student t and Fisher F critical values, the best interpolation equations from double and triple natural logarithm transformation of degrees of freedom up to 1000, and their applications to quality control in science and engineering[END_REF] for other application examples). This version of DODESYS relies on the precise critical values for sample sizes of nmin( 1)1000 corresponding to 99% confidence level. This strict confidence level is programmed in DODESYS because it is the level recommended (e.g., [START_REF] Verma | Evaluation of polynomial regression models for the Student t and Fisher F critical values, the best interpolation equations from double and triple natural logarithm transformation of degrees of freedom up to 1000, and their applications to quality control in science and engineering[END_REF][START_REF] Verma | Critical values for 33 discordancy test variants for outliers in normal samples for very large sizes of 1,000 to 30,000 and evaluation of different regression models for the interpolation and extrapolation of critical values[END_REF][START_REF] Barnett | Outliers in statistical data[END_REF] 

Analysis and results

állàstatisti sà epo tedài àtheà esultsàse tio àassu eàa àαà T peà àe o à alueàofà . .

Soloman -Felder index of learning styles instrument

During the second semester 2008, the Soloman -Felder ILS instrument was applied to all of three courses. Response rates were above 95% with 726 total students (CTA n = 499, CI n = 87 and AP n = 140), the gender was 66.5% male and 33.5% female students. The table 5-2 shows the percentage of the three groups with the gender, Figure 5 a. 0 cells (.0%) have expected frequencies less than 5. The minimum expected cell frequency is 14.0.

b. 0 cells (.0%) have expected frequencies less than 5. The minimum expected cell frequency is 12.7.

c. 0 cells (.0%) have expected frequencies less than 5. The minimum expected cell frequency is 45.4. d. 0 cells (.0%) have expected frequencies less than 5. The minimum expected cell frequency is 41.6.

e. 0 cells (.0%) have expected frequencies less than 5. The minimum expected cell frequency is 9.7.

f. 0 cells (.0%) have expected frequencies less than 5. The minimum expected cell frequency is 7.9. In summary, despite the different courses backgrounds students at AP, CTA and CI have strikingly similar learning styles along all three leaning styles dimensions, only in visual and verbal differ.

Learning Styles matching with teaching strategies

For this matching we took into account 726 students answers of the two questionnaires, Felder and Soloman (1998) and teaching strategies questioner and we make the correlations (see Table 5-6). **The correlation is significant at level 0,01 (bilateral).* The correlation is significant at level 0,05 (bilateral)..

Learning Styles and Class Performance

Table 5-10 Correlations CI

To determine if learning style preferences had any relationship to the final grade in the class, a correlation between learning styles and class performance was calculate as shown in Tables 5678, 5-9, and 5-10.

As Table 5-8 shows, a positive correlation exists between the reflectiveactive dimension and class performance for AP students, meaning that reflective students at AP tended to achieve higher grades in the programming class than the students with an active learning orientation. This result is consistent with prior research [START_REF] Asmus | Instructional design technology trend analysis[END_REF]Chamilard & Karolick, 1999;[START_REF] Allert | Learning style and factors contributing to success in an introductory computer science course[END_REF] which found that students with a predominant reflective learning style achieved higher grades. No such correlation was present for CTA and CI. These results suggest that our current teaching approach is biased towards verbal learning style, which is consistent with the findings of Chamillard and Karolick report that reflective and verbal learners performed better than other (Chamilard & Karolick, 1999).

The only other significant correlation in Table 5-8 is between the verbalvisual dimension and class performance for AP students; students who were more visual in their learning also tended to do better in the programming class. No such correlation was present for CTA and CI.

As Table 5-8 and Table5-9 shows, a positive correlation exists between the reflectiveactive dimension and verbalvisual dimension for AP and CTA students, and another positive correlation exists between the intuitivesensing and globalsequential dimension for AP and CTA students. These results suggest that reflective learners are correlated with the verbal learners while intuitive learners are correlated with global learners. These findings are also consistent with prior research [START_REF] Alfonseca | The impact of learning styles on student grouping for collaborative learning: a case study, user model user[END_REF][START_REF] Saeed | Using learning styles and preferences to incorporate emerging e-learning tools in teaching[END_REF].

e-learning tools preference survey results

A self-desig edà uestio ai eà asà usedà toà olle tà stude ts à u e tà e pe ie eà a dà preferences of using emerging e-learning tools mentioned earlier, along with some other traditional e-learning tools like email and blackboard. Students were asked to rate their learning preferences on a scale of one (least preferred) to seven (most preferred). 

Table 5-16 Correlation between tools preferences

As Table 5-16 shows, correlations between tools preferences, these results suggest that the learning preferences of various e-learning tools are closely related, for example students prefer to try various tools in their study routines instead of relying on one particular tool.

Learning styles vs. tools preferences

A total of 140 students from AP only, students answered the two surveys (Learning styles and tools preference). The results suggest that there were little relationships when preferences of emerging e-learning tools were correlated with each of learning styles scales, are shown in the * Significative correlation at level 0,05 (bilateral).

Table 5-17 Correlation Learning styles & tools preferences

The comparison of learning styles and tools preferences also resulted in some interesting relationships. Reflective learners tend to gain better understanding when they can think and reflect about the information presented to them. Work better alone or with one more person at most, stop periodically to review what have been learning, and stop periodically to think possible questions. The characteristics of the media to be used is watching and listening (Franzoni et al., 2008), hence podcast and vodcast was a good choice for them to run the sequence of lectures at their own pace over and over again to get a better understanding of the course contents, which is in contrast with "aeed sàstud à epo ti gàthatàa ti e-reflective did not yield any significant relationship [START_REF] Saeed | Using learning styles and preferences to incorporate emerging e-learning tools in teaching[END_REF].

Sequential learners tend to gain understanding through small orderly steps when these are logically associated and follow small orderly steps logically associated when solving problems. The characteristics of the media to be used is that allows content to be shown in steps (chapters) (Franzoni et al., 2008), hence social bookmarks was a good choice for them to store, organize, search, and manage bookmarks of web pages on the Internet with the help of metadata, typically in the form of tags that collectively and/or collaboratively become a folksonomy. Folksonomy is also called social tagging, "the process by which many users add metadata in the form of keywords to shared content". We believe that above outcomes can serve as a guideline for the lectures in choosing the right technology for the right audience in their courses. * Significative correlation at level 0,05 (bilateral). Table 5-19 shows the dominant learning style percentages of AP from ITAM learners as compared with similar learners from other countries as reported in [START_REF] Felder | Applications, Reliability and Validity of the Index of Learning Styles[END_REF][START_REF] Zualkernan | Learning styles of computer programming students: a Middle Eastern and American comparison[END_REF]. For example, the first column shows that 61% of the respondents at ITAM were primarily active learners as similar to 57% in the University of Sao Paulo, Brazil. In general, Table III shows that the learning styles of ITAM in AP students are in ranges similar to those ranges or students from comparable universities in the United States and Latin America, the dominant learning style for these universities are Sensitive, visual and sequential learning styles, only in U. of Minnesota and University of Puerto Rico are under 50% in active learning style.

Teaching styles and learning styles

The 

Teaching styles and learning styles

The comparison of teaching styles and learning styles (see figure 5-23) also resulted in some interesting relationships. Sensitive learners tend to gain better understanding when they are practical, don´t like courses without an immediate link to the real world (Franzoni et al., 2008), hence the concept representation -abstract and Cognitive Processing-symbolic were a good correlation to get a better understanding of the course contents. Visual-verbal hence the concept Representation-varies from abstract than applied. We will discuss more on these results in the next section. 

Implication on pedagogical design

The study presented here should allow the teacher to determine the most appropriate teaching strategy and course material. Different approaches can be used. A recommendable approach consists in clustering students with similar learning styles and using the appropriate teaching strategy and material for each of the groups. Usually, the teacher is not able to implement such an approach, due for example to course time constraints, unavailability of the appropriate resources, etc. Should this be the case, another plausible approach o sistsà ofà theà ide tifi atio à ofà theà g oupà a e ageà st le à a dà theà sele tio à ofà theà ate ialà a o di gl .à à áà thi dà alte ateà approach (and perhaps the most recommendable one, should the resources allow it) consists of the use of different types of materials (thus targeting different styles) for a set of two or three learning units at a time. The selected material would be used on a rotational basis. This can be done with the integration of teams or groups of students having different learning styles. The adoption of this third approach allows the creation of team group skills for the students. In this situation the teacher might want to focus only on the teaching strategy that is representative of each category of learning style. This is illustrated in the following, overall recommendations are presented to select teaching strategy and prepare e-learning tool for each learning style.

Sensitive learning style: The content must be practical, courses must have an immediate connection with the real world, using concrete methods that are oriented towards facts and procedures that follow previously established techniques. The requested homework must be detailed, not global, including problem solving, laboratory exercises and concept memorization.

Intuitive learning style: The content must be innovative, oriented to theory and meanings, with abstractions and mathematical formulae, avoiding repetitive methods.

The requested homework must include the discovery of relations and actions. The introduction of new concepts can be used but not as memorizing facts but as abstractions.

Visual learning style: The content must be a heavy on visual components. The requested homework must include actions to visualize, the information gathering must use visual representations, images must be used in order to make it easier for the students to remember the contents, and the teacher can request diagrams that summarize the homework.

Verbal learning style: The content must have a lot of oral and textual components. The requested homework must include written essays or oral presentations, the information gathering must use textual representations, texts must be used in order to make it easier for the students to remember the contents, and the teacher can request abstracts that summarize the homework.

Active Learning Style: Students tend to comprehend and assimilate new information when they practice using it (discussion, implementation, group presentations) and rather learn working with others. The content must be applicable. The requested homework must include work in groups.

Reflexive learning style: Students observe and ponder experiences. Data are collected and analyzed thoroughly about before any conclusion is made. The content must be related with experiences. The requested homework must include personal work.

Sequential Learning Style: The content must be written orderly, step by step. The requested homework must consist of small orderly steps that are logically associated to the problems being solved. This allows content to be shown in steps (chapters).

Global learning style: The content must be written in big leaps, suddenly and almost randomly. Students can solve complex problems quickly and put things together in an innovative way but may have difficulties to explain how they did it. This allows seeing everything as a whole [START_REF] Franzoni | Student Learning Styles Adaptation Method Based on Teaching Strategies and Electronic Media[END_REF] Blogs: Facilitate publication of knowledge, opportunities for subsequent reflection and analysis, and help teachers understand the relational and contextual basis of knowledge (Ferding &Trammell, 2008;Saeed & Yang,2008).

Wikis: Facilitate the creation of shared knowledge, dissemination of information, and group interaction [START_REF] Augar | Teaching and learning online with wikis, In proceedi gsàofàtheàá[END_REF].

Social bookmarks: Allow quick and easy access online resources [START_REF] Asmus | Instructional design technology trend analysis[END_REF].

Podcasts: Provide an innovative way for people to improve communication, collaboration and social networking [START_REF] Ractham | podcasting in academia: a new knowledge a age e tàpa adig à ithi àa ade i àsetti gs,ài àp o eedi gsàofàtheà[END_REF].

All of these features are key learning elements and make emerging tools appropriate for educational settings. However, to help students achieve the full cognitive development, lecturers need to be amongst the early adopters of these technologies by integrating then with the end user experience and learning styles [START_REF] Saeed | Using learning styles and preferences to incorporate emerging e-learning tools in teaching[END_REF]. We believe that above outcomes can serve as guideline for the lectures in choosing the right content and right technology for the right audience in their courses.

Existing studies show that matching learning styles with teaching styles is advantageous to academic achievements [START_REF] Smith | Accommodating learning styles: Relevance and good practice in vocational education and training[END_REF]. Quadrant C = Instructor prefers analysis to rote learning but does not focus on practical applications (Example: Students learn abstract processes, such as how to plot vectors representing forces on an unidentified object in an undefined space.)

Quadrant D = Instructor prefers analysis to rote learning and focuses on familiar applications (Example: Students are presented with real-world problems in which they use formulas and processes such as plotting designs for car parts using AutoCAD.)(webpage 2) 

Conclusion

The work presented in this chapter answers to question 3: To which extent is it possible to validate and to generalize this framework? As an answer to this investigation we found that results concerning the application of the framework are theàsa e,àa dàdo tàdepe dào àtheàdeg eeàp og a àthatàtheàstude tàsele ts.àálsoàtheà framework is general and applies to students from different degree program. In addition the chapter presented three broad determinations. First, a great similarity in learning styles is present between teaching strategies and learning styles of the students, and a great similarity in learning styles is present between electronic media and learning styles of the students. Therefore, these results validate the framework and the answers to these materials for the students of all programs; hence we can suggest a modest generalization of the framework. We utilized the results to suggest other findings. Second, the similarity between learning styles of AP students and CTA students suggests the possibility of constructing pedagogical designs for courses but not for CI students. We have been successful in establishing several significant relationships and highlighting the tools preferences of various learner types, for example, the reflective style was significantly correlated with the preference of using od astàa dàpod astà hi hàisài à o t astà ithà"aeed sàstud à "aeedà&àYa g,à à hoà report that the active-reflective did not give in any significant relationship when correlated with the tools preferences. Sequential-global scale was significantly correlated with the preference of using social bookmarks. These results suggest that reflective learners are correlated with global learners. These findings are also consistent with those reported by Alfonseca [START_REF] Alfonseca | The impact of learning styles on student grouping for collaborative learning: a case study, user model user[END_REF], and may be used to form appropriate groups in programming assignments or projects. Third, the study out o esà lea l àsuggestàthatàtoda sàstude ts are flexible in stretching their learning styles to accommodate varying teaching methods, including the use of emerging te h ologies.à The à fu the à suggestà thatà lea i gà st lesà ofà toda sà lea e sà fa ilitateà them to experience emerging and varying technologies, while their learning preferences are not limited to a particular tool.

This study is part of our ongoing research on incorporating emerging e-learning tools in educational settings. To further strengthen our study results, we plan to conduct follow up studies in the usage of e-learning tools for different learning and teaching styles. This is an innovative idea that can help people have a better performance whilst learning. With the conclusion of this chapter we answer question 3.

Concluding remarks

In this chapter we summarize the results of the previous chapters and give some pointers for future research.

Conclusions

In this dissertation we have studied the fields of learning styles, teaching styles and emedia and the possible connections between them. We started in chapter 1 by asking three research questions about these research areas and links between them. We will now summarize our findings and give the answers that we came up with in the different chapters of this thesis.

Technology is an increasingly influential factor in education. The basic principle of our research work is the creation of teaching methods and environments that use the vast resources offered by IT to adapt teaching material and strategies to the learner's skills and learning style. We use the [START_REF] Felder | Learning and Teaching Styles in Engineering Education[END_REF] model for defining learning style, together with an empirically built adaptation framework for matching e-media with combinations of teaching strategies and learning styles. We made two case studies to validate and generalize the framework. We made an overview of the potential of new e-media, we show that we can use new ways to create teaching material using available e-media and suggest that a personalization approach to education is relevant.

Research question 1: Is it helpful for a student in a course to learn and acquire knowledge using his/her particular learning style and e-media combined in a learning system? The answer to this research question is positive. In chapter 3 we showed that the basic system we have experimented with was satisfactory, we confirmed that it is an innovative idea that it can help people having a better performance whilst learning.

We noticed that a student can learn more if the teaching is adapted to his/her learning style. The system was accepted positively by the students who participated in the test.

This experiment showed the viability of our approach and we conclude that it is possible to introduce personalization techniques based on learning styles and electronic media in educational environments. The system was positively appreciated by students even if the matching of the learning styles, with e-media and teaching strategies was limited to only two learning styles, to graphics and to only text and one teaching strategy.

The system's design is generic. We have used it to teach the C programming language, but we can easily replace this course material with other subject matter by modifying only the Materials Database, without the need to alter any other parts of the system.

Research question 2: Can we create a framework for integrating teaching strategies, learning styles and electronic media?

In chapter 4 we explained that the answer is to provide a structured framework to help in facilitating the learning process and personalizing the pedagogical resources. The chapter describes the development of an integrated framework combining learning styles, different teaching strategies and the corresponding appropriate electronic media.

We consider the recommendations on teaching strategies and electronic media that match a certain learning style as an important contribution to the field of pedagogical teaching methods. The evaluation of the student's learning style gives a strong insight a outàtheàstude t sàa ility to capture the teacher's message. The proposed framework offers a wide range of possibilities for building a course. Even if full personalization is not possible in face to face teaching, the teacher can develop different versions of the teaching material to fit to the learning styles of as many students as possible. It might happe à thatà aà tea he à doesà otà k o à theà stude ts à lea i gà st les.à à Fu the o e,à he/she might not know either the appropriate educational strategies or instructional material for his/her courses. The presented framework is thus a useful tool to get a better knowledge of the wide variety of resources available to use in class.

This framework can be used in traditional face to face classes where the teacher can al ulateà theà ou se s stude ts à ep ese tati eà lea i gà st leà toà hooseà theà suita leà media as proposed by the adaptive teaching framework. It can also be used in distance learning courses. It is worth mentioning that combining teaching strategies with electronic media as proposedà àou à ethodàdoes tàa tài àa àe ludi gà a .àItà a à eà combined with any additional teaching approach and/or teaching resources. Because theàadapti eàf a e o kàisàuse àf ie dl ,àtheàpe so ài ple e ti gàthisà ethodàdoes tà have to be an expert in information technology.

Research question 3:

To which extent is it possible to validate and to generalize this framework?

The answer to this research question is also positive. We found that results concerning the application of the framework are the same and do tà depe dà o à theà deg eeà program that the student select. Also the framework is general and applies to students from different degree program. In chapter 5 we showed, with statistical methods, that a great similarity in learning styles is present between teaching strategies and also with electronic media, this comparison contained almost all the matches founded with the Panel Delphi. These results validate the framework.

Future Work

In this dissertation we focus on one issue. It is incorporating learning styles, teaching strategies and electronic media in a framework tool that serves as a guide for teaching.

There are several possible extensions of our research. We outline them here:

The answer to research question 1 shows that not all dimensions of learning styles as used and we have limited usage of electronic media, so we want to extended the elearning system for exploring the adaptation techniques using different electronic media. We can experiment the framework in the e-learning system for select and create the material for one computing course and then generalize for other courses.

In addition we could create a repository of different teaching material depends on the learning styles and research how can we do the automatically creation.

The answer to research question 2 was limited to the ITAM student population, and it would be good to extend our research to different populations to validate and justify the generally of the framework.

As another future direction we could consider the possibility of applying the framework to a variety of theories of learning styles and not only Felder & Silverman. More research is needed in order to decide whether new course material and tools should be designed.

GLOSSARY Electronic Media

Electronic Media (Alphabetical Order) Description Animations Animation is the rapid display of a sequence of images of 2-D artwork or model positions in order to create an illusion of movement Audio Sound that is capable of being heard

Audioconference

Audioconferencing uses telecommunications of audio to bring people at different sites together for a meeting. This can be as simple as a conversation between two people in private offices (point-to-point) or involve several sites (multi-point) with more than one person in large rooms at different sites.

Chat (Messenger)

Online chat can refer to any kind of communication over Internet, but is primarily meant to refer to direct one-on-one chat or text-based group chat (formally also known as synchronous conferencing), using tools such as instant messaging applicationscomputer programs, Internet Relay Chat and talkers. Instant messaging (IM) is a form of real-time communication between two or more people based on typed text. The text is conveyed via computers connected over a network such as the Internet Course Legacy System A legacy system is an old computer system or application program which continues to be used because the user (typically an organization) does not want to replace or redesign it

Digital magazines

Digital Magazine is an online magazine intended for professional web designers, web developers and those who practice Information architecture.

Digital newspapers

Digital Magazine is an online newspaper intended for professional web designers, web developers and those who practice Information architecture.

eBooks An e-book (for electronic book: also ebook) is the digital media equivalent of a conventional printed book. Such documents are either read on personal computers, or on dedicated hardware devices known as e-book readers or e-book devices.

e-mail E-mail, short for electronic mail and often abbreviated to e-mail, email or simply mail, is a store and forward method of composing, sending, storing, and receiving messages over electronic communication systems

Forums

An Internet forum is a web application for holding discussions and posting user generated content. Internet forums are also commonly referred to as Web forums, message boards, discussion boards, (electronic) discussion groups, discussion forums, bulletin boards, fora (the Latin plural) or simply forums. The terms "forum" and "board" may refer to the entire community or to a specific sub-forum dealing with a distinct topic. Messages within these sub-forums are then displayed either in chronological order or as threaded discussions

Graphics

Graphics are visual presentations on some surface, such as a wall, canvas, computer screen, paper, or stone to brand, inform, illustrate, or entertain. Examples are photographs, drawings, Line Art, graphs, diagrams, typography, numbers, symbols, geometric designs, maps, engineering drawings, or other images. Graphics often combine text, illustration, and color Hypertext (web pages)

Hypertext most often refers to text on a computer that will lead the user to other, related information on demand. Hypertext represents a relatively recent innovation to user interfaces, which overcomes some of the limitations of written text. Rather than remaining static like traditional text, hypertext makes possible a dynamic organization of information through links and connections (called hyperlinks). Hypertext can be designed to perform various tasks; for instance when a user "clicks" on it or "hovers" over it, a bubble with a word definition may appear, a web page on a related subject may load, a video clip may run, or an application may open.

Internet research

Internet research is the practice of using the Internet, especially the World Wide Web, for research

Lectures

A lecture is an oral presentation intended to present information or teach people about a particular subject, for example by a university or college teacher

Movies

Film is a term that encompasses individual motion pictures, the field of film as an art form, and the motion picture industry. Films are produced by recording images from the world with cameras, or by creating images using animation techniques or special effects.

Electronic Media (Alphabetical Order) Description

Online learning communities

An online learning community is a common place on the Internet that addresses the learning needs of its members through proactive and collaborative partnerships.

Through social networking and computer-mediated communication, people work as a community to achieve a shared learning objective. Learning objectives may be proposed by an instructor or may arise out of discussions between participants that reflect personal interests. In an online community, people communicate via textual discussion (synchronous or asynchronous), audio, video, or other Internet-supported devices.

Pictures

In common usage, an image (from Latin imago) or picture is an artifact, usually twodimensional, that has a similar appearance to some subject-usually a physical object or a person. Images may be two-dimensional, such as a photograph, screen display, and as well as a three-dimensional, such as a statue.

Podcast

A podcast is a collection of digital media files which is distributed over the Internet, often using syndication feeds, for playback on portable media players and personal computers. The term, like "radio", can refer either to the content itself or to the method by which it is syndicated; the latter is also termed podcasting. The host or author of a podcast is often called a podcaster. The term "podcast" is a portmanteau of the acronym "Pod"standing for "Portable on Demand"and "broadcast". The iPod name was coined with Pod, prefixed with the "i" commonly used by Apple for its products and services. The first podcasting scripts were developed for the iPod (see history of podcasting). These scripts allow podcasts to be automatically transferred to a mobile device after they are downloaded Readings Reading is the cognitive process of deriving meaning from written or printed text

Recorded live events

Record live events is a type of video recording system that works by using a digital rather than an analog video signal and recording daily events ith a camera, video camera, and camcorder.

Simulations

A simulation is an imitation of some real thing, state of affairs, or process. The act of simulating something generally entails representing certain key characteristics or behaviors of a selected physical or abstract system.

Slideshows

Slideshow is a modern concatenation of "Slide Show". A slideshow is a display of a series of chosen images, which is done for artistic or instructional purposes. Slideshows are conducted by a presenter using an apparatus, such as a carousel slide projector, an overhead projector or in more recent years, a computer running presentation software.

Student Response System

A Student Response System (SRS) is a tool used to promote active learning in the classroom. Students respond to questions posed by the instructor using a small handheld keypad that looks like a TV remote control.

Tutorial systems

A tutorial systems is a document, software, or other media created for the purpose of instruction for any of a wide variety of tasks

Videoconference

Videoconferencing uses telecommunications of audio and video to bring people at different sites together for a meeting. This can be as simple as a conversation between two people in private offices (point-to-point) or involve several sites (multi-point) with more than one person in large rooms at different sites. Besides the audio and visual transmission of people, videoconferencing can be used to share documents, computerdisplayed information, and whiteboards.

Videos

Video is the technology of electronically capturing, recording, processing, storing, transmitting, and reconstructing a sequence of still images representing scenes in motion. Video technology was first developed for television systems, but has been further developed in many formats to allow for consumer video recording. Video can also be viewed through the Internet as video clips or streaming media clips on computer monitors.

Web seminars (broadcasts)

Broadcasting is the distribution of audio and/or video signals which transmit programs to an audience. The audience may be the general public or a relatively large subaudience, such as children or young adults
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 3 Figure 3-9 Sequence Diagram for use case Register Sub-flow user create new user Figure 3-9 shows the sequence for the use case register sub-flow User Create NewUser, this begins when the student wants to register in the system, class frmLogin call frmRegistrar, it is shown to the student who fills the data and records in the system, which calls the Web Service WSLearning, who creates the ResgistroAlumno. Once registered, students have to test Felder, when complete shows how frmOpciones and hence can leave the system.

Figure 3 -Figure 3 -

 33 Figure 3-10 Sequence diagram for use case validate user Figure 3-10 shows the sequence of use case validate user. The student has to enter the frmLogin your username and password to be validated by the Web Service WSLearning, once validated frmLogin sends a call to display the form frmOpciones, in which the student can exit the system.

Figure 3 -Figure 3 -

 33 Figure 3-11 Sequence diagram for use case register Sub-flow user update user registration Figure 3-11 shows the sequence for the use case register sub-flow user update user registration for this first validates the user as in Figure 3-10, then choose the modify option in frmOpciones, to show how frmActualizar. The student modifies the data you need to update, then click on the Edit button, communicates with the WSLearning, who modifies the data in the database Users. When the modified student data can return to form frmOpciones and end the system.

Figure 3 -

 3 Figure 3-12 Sequence diagram for use case consult information sub-flow check test.

Figure 3 -

 3 Figure 3-12 shows the sequence diagram for use case consult information consult Result Information sub-flow Test, in which case the student is first validated in the system as in Figure 3-10, then select the option in frmOpciones Test Results. When this button is pressed it calls the frmResultadoTest who in turn obtains the student's test results by calling WSLearning. The latter retrieves the results of the BDUsuarios, who in turn were shown to students. Finally, the student can exit the system.

Figure 3 -Figure 3 -

 33 Figure 3-13 Sequence diagram for use case view item sub-flow show syllabus Figure 3-13 shows the sequence diagram for use case show sub-flow Show syllabus Item. The first thing the student is validated as in Figure 3-10, once in the form frmOpciones choosing Syllabus. It calls frmTemario, who in turn calls the WSLearning for the agenda of the database materials.WSLearning returns to the agenda frmTemario, who shows how the agenda. This sequence is also the case in which the student asks to see a summary of a particular subject, so the sum is obtained by the database Materials WSLearning, data is returned to the form frmResumen, who shows Student abstract. Finally, the student can exit the system.

Figure 3 -Figure 3 -

 33 Figure 3-14 Sequence diagram for use case sub-flow show topics show item

Figure 3 -Figure 3 -

 33 Figure 3-15 Sequence diagram for use case make assessment shows the sequence diagram for use case make assessment. The student must validate the system as shown in Figure3-10. When it is on the way to choose the option frmOpciones take test, so you call the frmExamen, who in turn calls for it to get WSLearning questions of Felder test. Once you display the first question of the test, the student will answer the following and press again and repeat the process for obtaining the question until the test again and see how frmOpciones, where the student may exit the system.

Figure 3 -

 3 Figure 3-17 Functional Diagram

Figure 3 -

 3 Figure 3-18 Technical diagram

Figure 3 -

 3 Figure 3-19 Outline of database users and materials

Figure 3 -Figure 3 -

 33 Figure 3-21 Professor string user / administrator Figure 3-àsho sàtheàse ue eàfo àtheàs ste àuse àt pe sàp ofesso à/àad i ist ato .àIn this case the user enters their login and password, the system validates frmAlumnos and the screen that contains information for students attending the course. You can also select the key to a student to see that the result obtained in the test of learning styles of the Felder frmResultadoTest screen.

Figure 3 -

 3 Figure 3-22 Test sequence for a new user Figure 3-22 shows the test sequence to register a new student, this student should press "Register", frmRegistrar screen appears, enter your details and press "Enter", then exit the screen so that it frmExamen applied the test, finally frmOpciones screen appears where you can select the desired option.

Figure 3 Figure 3 -

 33 Figure 3-23 Show syllabus sequence

Figure 3 -

 3 Figure 3-24 Show syllabus sequence and topic

Figure 3 -

 3 Figure 3-25 Test for sequence learning styles

Figure 3 -Figure 3 -

 33 Figure 3-26 Sequence for test results show learning styles Figure 3-26 shows the sequence to see the result obtained in the test of learning styles. First the user must be validated in the system and the frmOpciones screen should appear. Then the user must select "Test Results" to exit the screen frmResultado where they can view the result obtained in the test.

Figure 3 -

 3 Figure 3-27 Display sequence for an item

Figure 3 -

 3 Figure3-27 shows the sequence to display an item. The first thing that is done is validated and entered into the system. Then choose the "Display Item" screen appears frmMostrarTema or frmMostrarTemaVIS as the learning style in the visual or verbal dimension of the pupil. In these screens we can go to the next or previous item, if any, or, if the visual dimension can display multiple images or figures on the screen.

Figure 3 -

 3 Figure 3-28 Sequence to modify the data of a student

Figure 3 -Figure 3 -

 33 Figure 3-29 Topic for verbal students

Figure 3 -Figure 3 -

 33 Figure 3-30 Topic for visual students

Figure 4 - 1

 41 Figure 4-1 Adaptive Teaching Framework relation entity diagram

Figure 4 - 2

 42 Figure 4-2 Matching learning styles with teaching strategies-example active LSFor example, a student with active learning styles match with games and simulation, learning based on problem solving, role playing, discussion panel, brainstorming and project design method. Other example is shown in the Figure4-3, the student with sequential learning styles match with presentation and question and answer method.

Figure 4 - 3

 43 Figure 4-3 Matching learning styles with teaching strategies example sequential LS

Figure 4 - 4

 44 Figure 4-4 Matching learning styles with electronic media example active LS For example, a student with active learning styles match with the electronic media like: Collaboration (Forums, blogs and wikis), Communication (Chat, e-mail) and Search (Internet search). And other example shows the Figure 4-5, student with sequential learning styles match with the electronic media like: Audio (Audiorecording, audioconference) and Read (Digital magazines, eBooks, hypertext (web pages), slideshows).

Figure 5 - 2 Figure 5 - 3 Figure 5 - 4 Figure 5 - 5

 52535455 Figure 5-2 Results reflective -Active learning style for three groups

Figure 5 -

 5 Figure5-2 to 5-5 show comparative distributions of the various dimensions of learn learning styles for AP, CTA and CI students. Each dimension (for example, reflectiveactive, in Figure5-1) is encoded from -11 to +11. A negative number (such as, -5 in Figure1) indicates that the learner is predisposed towards a reflective style of learning. A positive number (such as, 5 in Figure5-1) indicates that the learner is mostly active in his or her learning style. Values near zero tend to indicate that the learner does not have any marked preferences on a particular dimension.As table 5-5 shows, AP, CTA and CI students have a similar learning style distribution along the reflective -a ti eà di e sio .à Theà áPà stude tsà μà =à . ;à "Dà =à . ,à CTáà stude tsà μà=à . ;à"Dà=à . àa d CIàstude tsà μà=à . ;à"Dà=à . àdoà otàdiffe ào àtheà reflectiveactive dimension of learning style F(723)=1.063, p=.346.As table 5-5 shows, AP, CTA and CI students have a similar learning style distribution along the verbal -visual dimension. The AP stude tsà μà=à . ;à"Dà=à . ,àCTáàstude tsà μà=à . ;à"Dà=à . àa dàCIàstude tsà μà= . ;à"Dà=à . àdiffe ào àtheà isualàverbal dimension of learning style F(723)=11.567, p=.000.

Figure 5 - 8

 58 Figure 5-8 Teaching Goals Matrix Interpretation

Figure 5 - 9

 59 Figure 5-9 Teaching Methods Matrix Interpretation
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Table 2 -1 Learning styles definitions

 2 

Learning styles are flexibly stable learning preferences

  

	In this Group, Coffield	
	reports the models in which	Allison & Hayes
	authors consider that a	Hermann
	learning style is not a fixed	Honey & Mumford
	characteristic, but a crucial	Kolb
	learning preference that	Felder & Silverman
	changes from one situation	Hermanussen, Wierstra, de Jong &
	to another.	Thijssen
		Kaufmann
		Kirton
		McCarthy

2.2.4 Honey and Mumford's learning styles questionnaire Peter Honey and Alan Mumford developed their model of learning styles in 1982 based o àKol ´sàtheo à Ho e à&àMu fo d,à

  

	): Individuals are asked to complete 12 sentences
	thatàdes i eàlea i g.àEa hàse te eà e.g.à Iàlea à estàf o àhasàfou àe di gsà e.g.àáCà
	=à atio alà theo ies ,à CEà =à pe so alà elatio ships ,à áEà =à aà ha eà toà t à outà a dà
	p a ti e ,à a dà 'Oà =à o se atio .à I di idualsà a kà theà e di gsà fo à ea hà se te eà
	a o di gàtoà hatà estàdes i esàtheà a àthe àlea à i.e.à à=à ostàlikeà ou ,à à=àleastà
	likeà ou .àFou às o es,àáC,àCE,àáEàa dà'O,à easu eàa ài di idual sàp efe e eàfo àtheà
	four modes, a dàt oàdi e sio alàs o esài di ateàa ài di idual sà elati eàp efe e eàfo à
	one pole or the other of the two dialectics, conceptualizing/experiencing (AC-CE) and
	acting/reflecting (AE-RO).	
	Within each pair, individuals tend to prefer one mode more than the other, and they
	tend to use that mode most often since it typically comes more easily to them.
	Fu the àsuppo tàisàp o idedà à"ei àa dà'o e à	à hoàad i iste edàKol sàL"Iàtoà
	80 undergraduate computer students in the US and then assigned them randomly to
	one of two different training methods. The results appear to indicate that
	pe fo a eà a à eà e ha edà à tailo i gà i st u tio alà ethodsà toà a o	odateà
	i di idualàp efe e esài àlea i gàst le .	

Table 2 -2 Strengths Source: Honey and Mumford (2000)

 2 

	Learning Style Stages:  Stage 1: Active style
	While having and experience, I
	like doing something and want
	what happens.  Stage 2: Reflective style
	Experience examination, I like to
	gather information and reflect
	about things.  Stage 3: Theoretical style.
	Concluding an experience, I like
	to order and achieve some
	conclusions.  Stage 4: Pragmatic style.

Table 2 -3 Activities and preferences Source: Honey and Mumford (2000)

 2 

Table 2 -4 Felder a d Silver a 's perceptio di e sio

 2 

Table 2 -5 Felder a d Silver a 's i put di e sio

 2 

Table 2 -6 Felder a d Silver a 's orga izatio di e sio

 2 

Table 2 -7 Felder a d Silver a 's processi g di e sio

 2 

Table 2 -8 Felder a d Silver a 's u dersta di g di e sio s

 2 

	On 2002 the author, Felder, introduced the following changes in his model:
	disappearance of inductive/deductive dimension, because of pedagogical reasons and
	the change of the visual/auditory dimension to visual/verbal, because verbal
	dimension can comprise the written and spoken words, which was confusing in the
	previous name.
	For this dissertation the changes will be taken into account, and we will only use four
	of the five dimensions. Perception (Sensitive, Intuitive), Input (Visual, Verbal),
	Processing (Active, Reflective), Understanding (Sequential, Global).
	The Index of Learning Styles (ILS) is the tool that Felder and Soloman (1993) uses to
	evaluate a stude t sà lea i gà st le.à Ità o sistsà ofà à uestio sà ithà t oà possi leà
	a s e sà a ào à .àTheài te sit àofàaàdi e sio à a à a àf o à àtoà .àThisàisà e auseà
	each dimension has 11 questions. The organization dimension cannot be measured
	through this type of question. Therefore the test has 44 questions in total

  This study used Teaching Styles Inventory (TSI) an instrument created by the Texas Higher Education Coordinating Board from 2002 to 2007 and it was designed by Center for Occupational Research and Development (CORD) to gauge the teaching preferences and styles, the Collaborative was created to support faculty at two-year colleges across Texas through a collegial, cooperative approach to professional development. The TSI instrument is conveniently available on internet. The scores will provide insight into your affective learning goals for students and the teaching methods that you use to support your goals. The instrument has been constructed using a forced choice technique similar to that used in the Meyers-Briggs Type Indicator and in Kolb's Learning Style Inventory and uses four scales for measuring your preferred teaching styles:

Learning-varies from Rote to Understanding Concept Representation-varies from Abstract to Applied Cognitive Processing-varies from Enactive to Symbolic Interaction-varies from Individual to Cooperative Groups

Table 2

 2 -9).

	Year Author	Mean definition	Purpose -(perspective)
	1970 Rossi &	Any device and equipment that is	Instrumental, communicative
	Biddle	used formally to transmit	or informative. As supports,
		information between people .à	transmitting information
			materials
	1979 Salomón		

Table 2 -9 Mean and Purpose definitions

 2 

  Examples are photographs, drawings, Line Art, graphs, diagrams, typography, numbers, symbols, geometric designs, maps, engineering drawings, or other images. Graphics often combine text, illustration, and color

	Web seminars (broadcasts): broadcasting is the distribution of audio and/or video
	signals which transmit programs to an audience. The audience may be the general
	public or a relatively large sub-audience, such as children or young adults
	Section 4 presents diagrams media:

: Video is the technology of electronically capturing, recording, processing, storing, transmitting, and reconstructing a sequence of still images representing scenes in motion. Video technology was first developed for television systems, but has been further developed in many formats to allow for consumer video recording. Video can also be viewed through the Internet as video clips or streaming media clips on computer monitors.

Animations: animation is the rapid display of a sequence of images of 2-D artwork or model positions in order to create an illusion of movement Graphics: g aphi sà f o à G eekà γραφικός;à seeà -graphy) are visual presentations on some surface, such as a wall, canvas, computer screen, paper, or stone to brand, inform, illustrate, or entertain.

Table 3 .

 3 1 shows the learning styles dimensions that resulted from the latter questions:

	Dimension	Type	Description
		Sensitive	'athe à dealà ithà fa ts,à a à dataà a dà e pe i e ts,à the eà patie tà ithàdetails,à utàdo tàlikeà o pli atio s
	Perception	Intuitive	Rather deal with principles and theories, are easily bored
			when presented with details and tend to accept
			complications
		Visual	Easy for them to remember what they see: images,
	Entry Channel		diagrams, time tables, films, etc.
		Verbal	'e e e à hatàthe eàhea d,à eadào àsaid.

Table 3 -1 Felder dimensions

 3 

  The teaching tasks are represented through exposition tasks, practical activities or examples. Adaptation lies in presenting examples before expositions to moderate and strong sensing learners and the opposite to moderate and strong intuitive learners. The Dunn and Dunn model describes the following sensory modalities: auditory, visual, tactile and kinesthetic. The visual modality is split in two, indicating preferences for pictures and text. This dimension is correlated with the verbalizer-imager dimension of Riding's model and the verbal-visual dimension of the Felder-Silverman model.

  [START_REF] Dagger | An Architecture for Candidacy in Adaptive eLearning Systems to Facilitate the Reuse of Learning Resources[END_REF] Paredes & Rodriguez 2002;[START_REF] Stern | Adaptive content in an online lecture system[END_REF] Triantafillou, Pomportsis & Georgia 2002). Table3-2 shows some of the systems found, their learning styles and the type of adaptation.

	AEC-ES	field-dependent (FD) and	Provides field-dependent learners with
	(Triantafillou,	field-independent (FI) style		navigational support tools, such as concept
	Pomportsis &					map, graphic path indicator, advanced
	Georgia 2002)					organizer, in order to help them organize
						the structure of the knowledge domain. The
						system guides them through the learning
						material via adaptive navigation support.
						Field-independent learners are provided
						with a learner control option -for them, the
						system shows a menu from which they can
						proceed with the course in any order.
						Learners can switch between different
						instructional strategies
	PHP Programming	Active -Reflective, Sensing -Intuitive, Visual -Verbal,	The adaptation is achieved by providing different representations for each learner.
	Course (Hong	Sequential -Global dimension	Uses different types of resources such as
	& Kinshuk	from the Felder-Silverman	concepts, theory, colors, text, slideshows,
	System 2004)	Learning style learning style model		audio, etc.	The adaptation Model
	ARTHUR (Gilbert & Han 1999) Algorithms Programming Assar 2007) (Franzoni & Course	visual-interactive, auditory-lecture and text styles Active -Reflective, Sensing -Intuitive, Visual -Verbal, learning style model from the Felder-Silverman Sequential -Global dimension	The adaptation is achieved by providing The adaptation is achieved by providing different representations for each learner. different media representations for each appeal to visual and kinesthetic learners using sounds and streaming audio. To learner. Auditory representation is achieved Uses different types of resources
						puzzles, animations, drag and drop
						examples and riddles are used.
	CS388	Felder-Silverman	learning	The adaptation is achieved by providing
	(Carver,	styles model -global-	different media representations for each
	Howard &	sequential,	visual-verbal,	learner. Uses different types of media such
	Lane 1999)	sensing-intuitive, inductive-	as graphs, movies, text, slideshows
		deductive styles		
	MANIC (Stern	applies	preferences	for	The adaptation is achieved by providing
	& Woolf 2000)	graphic	versus	textual	different media representations for each
		information			learner. Uses graphic and textual
						information
	INSPIRE	Honey	and	Mumford	The Adaptation lies in presenting a different
	(Grigoriadou,	categorization of activists,	sequence of alternative contents of the
	Papanikolaou	pragmatists, reflectors and	concepts. Concepts can be represented by
	& Kornilakis	theorists based on Kolb		e a ple ,à a ti it ,à theo ,à e e ise
	2001)				
	Tangow	sensing-intuitive dimension	The Adaptation lies in presenting a different
	(Paredes &	from the Felder-Silverman	sequence of alternative contents of the
	Rodriguez	learning style model			concepts. Concepts can be represented by
	2002)					e a ple ,à e positio

Table 3 -2 Learning Styles and Systems Adaptation Models

 3 

Table 3 -3 Student actor

 3 

Table 3 -

 3 3 presents the description of the student actor, the use cases with which they interact and the type of actor.

	Actor	Administrator /professor
	Use Case	Validate user, Register Username, and Consult data/Information:
	Type	Principal
	Description	It sà theà p i ipalà a to à fo à ad i istration system; he can see all the stude ts ài fo atio ,àthei àskillsàa dàuseàofàtheàs ste .

Table 3 -4 Administrator/professor actor

 3 

Table 3 -

 3 4 shows the characteristics of the actor Administrator / Professor

	Actor	User database
	Use Case	Validate user, Provide/offer Options, Register Username, Making
		assessment, Display topics/Show, and Consult data/Information:
	Type	Secondary

Table 3 -5 User data base actor

 3 

Table 3 -

 3 5 presents the description of the user database actor, the use cases with which they interact and the type of actor.

	Actor	Material database
	Use Case	Display topics/Show, and Consult data/Information:
	Type	Secondary
	Description	Is a secondary actor and is the database that stores information on the
		topics and course materials.

Table 3 -6 Material database actor

 3 

Table 3 -

 3 6 contains a description of the materials database actor.

	Use case	Validate user
	Actor	Student, Administrator/Professor, user database, materials database
	Type	Inclusion.

Table 3 -9 Use Case: Register Username

 3 

Table 3 -

 3 9 shows a description of the use case Login Register, it contains information about the actors with whom it communicates its purpose, a summary of what it does, the preconditions for use, its main flow, and the exceptions.

	Use case	Making assessment
	Actor	Student, user database
	Type	Basic
	Purpose	Allow the user to take a test Felder learning styles to identify and save
		what their learning styles in different sizes.
	Preconditions	Must have validated the use case Validate User
	Main Flow	Presents the user with the screen test (P-5), which shows the 44
		questions in the test of learning styles Felder.

Summary

This use case begins with the user. Offers the functionality to apply the test of Felder's learning styles and keep the information obtained through this test.

Table 3 -10 Use Case: Make Assessment If

 3 you choose the action "View Test Results", continues the sub-flow See Test Results (S-2).

Table 3 -12 Use Case Consult data/Information

 3 

Table 3 -

 3 12 explains the use case consult information indicates the actor that communicates with, its purpose, a summary of what it does, the preconditions for use, its main flow, the sub-flows and exceptions.

  àMate ial:àTa leà o tai i gài fo atio àa outàaà ate ialà o espo di gàtoàa àite àasà a specific learning style. The data you have is idmaterial, type, location, size, nomateriales, idsubtema. It s related to the item table. In the table in the material dimension is showing what kind of dimension of Felder owned by this system may find the material suitable for students according to their learning style according to Felder in any of the four dimensions. For dimension active / reflective the field can have values ACT and REF for the visual / verbal the values are VIS and VRB, the sensory / intuitive the values are SNS and INT, To the sequential /

  Table 4-1 shows some of the systems found, their learning styles and the type of adaptation.

	aou & Kornilakis	pragmatists, reflectors and	ep ese tedà a ti it ,à theo ,à e e ise à e a ple ,à	material that learners with different learning
	2001)	theorists based on					style	prefer
		Kolb					(Papanikolaou et al.,
		(Honey &					2003)
		Mumford, 1992)					
	Tangow	sensing-intuitive	The	Adaptation	lies	in	Type and usually the
	(Paredes & Rodríguez 2002)	dimension from the Felder-Silverman learning style model (Felder &	presenting a different sequence of alternative contents of the concepts. Concepts can be ep ese tedà à e a ple ,à e positio	sequencing of material they offer based on a framework proposed by the authors
		Silverman, 1988)					
	System AES-CS (Triantafil lou,	Learning style	The adaptation Model			The behavior	adaptation
	ARTHUR (Gilbert & Han 1999) Pomports is & Georgia 2002)	visual-interactive, auditory-lecture and text styles	The adaptation is achieved by providing different media representations for each learner. sounds and streaming audio. To representation is achieved using Auditory	the authors framework proposed by Type and usually the sequencing of material they offer based on a
			appeal to visual and kinesthetic	
			learners puzzles, animations,	
			drag and drop examples and	
			riddles are used.			
	CS388	Felder-Silverman	The adaptation is achieved by	Based on research
	(Carver, Howard & Lane 1999)	learning styles model global-sequential, visual-verbal, sensing-intuitive, inductive-	providing representations different for learner. Uses different types of media each media such as graphs, movies, text, slideshows	studies, (Felder and Silverman, 1988) about the type of instructional material
		deductive styles					that	learners	with
		(Felder & Silverman, 1988)					different learning style prefer
	MANIC	applies	The adaptation is achieved by	Type and usually the
	(Stern & Woolf 2000)	preferences for graphic versus textual information	providing representations different for learner. Uses graphic and media each textual information	sequencing of material they offer based on a framework proposed by the authors
	INSPIRE	Honey and	The	Adaptation	lies	in	Based on research
	(Grigoriad ou, Papanikol	Mumford categorization of activists,	presenting a different sequence of alternative contents of the concepts. Concepts can be	studies Mumford, 1992), about (Honey & the type of instructional

Table 4 -1 Learning Styles and Systems Adaptation Models

 4 

Table 4 -

 4 2 shows the learning styles dimensions (LSD):

	Learning Style	Type	Description
	Dimension		
		Sensitive	Rather deal with facts, raw data and experiments,
	Perception	(S)	the eàpatie tà ithàdetails,à utàdo tàlikeà complications
	(LSD1)		
		Intuitive	Rather deal with principles and theories, are easily
		(I)	bored when presented with details and tend to accept complications
	Entry Channel	Visual	Easy for them to remember what they see: images,
	(LSD2)	(Vi)	diagrams, time tables, films, etc.
		Verbal	'e e e à hatàthe eàhea d,à eadào àsaid.ààààààà
		(Ve)	

Table 4 -2 Felder Learning Styles Dimensions

 4 

  [4][START_REF] Coffield | Learning styles and pedagogy in post -16 learning: A systematic and critical review, Learning and Skills Research Center Report[END_REF][6][7][4][START_REF] Coffield | Learning styles and pedagogy in post -16 learning: A systematic and critical review, Learning and Skills Research Center Report[END_REF][6][7][8] present in detail the adaptive teaching framework for each learning style dimension. Integration elements for LSD 1 (Perception (Sensitive, Intuitive)) are shown on Table 4-6.

	Perception	Sensitive	Intuitive
	Specifications			
	Description		Practical. Don´t like courses	Conceptual, innovative,
			without an immediate link to the	oriented to theory and
			real world	meaning, enjoy working
				with abstract problems
				and	mathematic
				formulations.
	Appropriate		Specific, facts and procedure	Are innovative and hate
	pedagogical method	oriented, enjoy problem solving	repetitive work, rather
			by following well established	discover possibilities and
			procedures, patient when	relationships, assimilate
			dealing with details, enjoy	new concepts easily,
			practical work, lab class and can	don´t like courses that
			memorize things easily	require much memory
				and tedious calculation.
	Characteristics of the	Practical, problem solving	Theoretical, abstraction
	media to be used	oriented, laboratory and	and math related
			experiments	
	Associated	Teaching	Learning based on problem	Games and simulations
	Strategies		solving	Role playing
			Presentation	Discussion panel
			Question and answer method	Case study
				Project design method
	Electronic Media	Collaboration(Forum, Weblog or	Search (Internet
			blog, Wikis)	research)
			Communication (e-mail,	Tutoring (Course legacy
			graphics, pictures)	system, tutorial systems,
				WebQuest)

Table 4 -6 Adaptive framework for the LSD1 (Perception (Sensitive, Intuitive))

 4 Integration elements for LSD 2 (Entry Channel (Visual, Verbal)) are shown on Table 4-7.

	Entry	Visual	Verbal
	Channel		
	Specifications		
	Description	Highly visual elements	Oral and text elements
	Appropriate	Rather work with visual	Rather receive information
	pedagogical method	representations when	spoken or verbally and
		receiving information and	remember what they read
		remember what they see	or hear
	Characteristics of the	Visual representations and	Text and sounds
	media to be used	diagrams	
	Associated Teaching	Games and simulations	Discussion panel
	Strategies	Presentation	Brainstorming
			Question and answer
			method
	Electronic Media	Collaboration(Forums, Online	Collaboration (Forums,
		learning communities, Wikis)	Online learning,
		Communication (Chat	communities)
		(Messenger), e-mail, Diagrams,	Video (Podcast, Recorded
		Animations, Graphics, Pictures,	live events,
		Simulations)	Videoconference, Videos,
		Read (eBooks, Hypertext (web	Web seminars
		pages), Slideshows)	(broadcasts))
		Video (Recorded live events,	
		Videoconference, Videos)	

Table 4 -7 Adaptive framework for the LSD2 (Entry Channel (Visual, Verbal))

 4 Integration elements for LSD 3 (Processing (Active, Reflexive)) are shown on Table4-8.

	Processing	Active	Reflexive
	Specifications		
	Description	Applicable and group work	Write short summaries
	Appropriate	Tend to comprehend and	Think about quietly before
	pedagogical method	assimilate new information	go ahead
		when they practice using it	Stop periodically to review
		(discussion, implementation,	what have been learning
		group presentations) and rather	
		learn working with others	Stop periodically to think
			possible questions
			Stop periodically to think
			possible applications
	Characteristics of the	Group work and cooperation	Watching
	media to be used		Listening
	Associated Teaching	Games and simulations	Presentation
	Strategies	Learning based on problem	Case study
		solving	Question and answer
		Role playing	method
		Discussion panel	
		Brainstorming	
		Project design method	
	Electronic Media	Collaboration (Forums, blogs	Read(Digital magazines,
		and wikis)	Digital newspapers,
		Communication (Chat, e-mail)	eBooks, Hypertext (web
			pages),Slideshows)
		Search(Internet search)	
			Search (Internet research)
			Tutoring (Student Response
			System, Tutorial systems,
			WebQuest)

Table 4 -8 Adaptive framework for the LSD3 (Processing (Active, Reflexive))
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  Table 4-10.

	Dimension Learning Style Percentage of Students
	LSD 1	Sensitive	66%
	Perception	Intuitive	34%
	LSD 2	Visual	85%
	Entry Channel	Verbal	15%
	LSD 3	Active	74%
	Processing	Reflexive	26%
	LSD 4	Sequential	62%
	Understanding	Global	38%

Table 4 -10 Results from the Felder Learning Styles Questionnaire

 4 

  1. Course Presentation. 2. Algorithms, Programs and Flowcharts. 3. C Programming Language. 4. Modular Programming. 5. Unidimensional Array. 6. Bidimensional Array. 7. File and Character Chains. 8. Introduction to Structures. In this case, topic number 2 álgo ith s,àP og a sàa dàFlo ha ts àa eàtheà aseàfo àou àe a ple.

Table 4 -11 Representative student adaptive learning framework
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{(Sensitive/Visual/Active/Sequential)}

Table 4 -12 Using adaptive framework for algorithms topic

 4 

	123

Table 4 -13 Using adaptive framework for flowcharts topic

 4 

  TheàFelde à odelàofààhasà àlea i gàst les.àáàstude t sàst leà a à eàide tifiedà à considering the following five issues in table 5-I.

	Dimension	Types
	Perception	Sensitive Intuitive
	Input	Visual Verbal
	Organization	Inductive Deductive
	Processing	Active Reflexive
	Understanding	Sequential Global

Table 5 -1 Felder dimensions

 5 

  Teaching Styles Inventory (TSI) an instrument created by the Texas Higher Education Coordinating Board from 2002 to 2007 and it was designed by Center for Occupational Research and Development (CORD) to gauge the teaching preferences and styles, the Collaborative was created to support faculty at two-year colleges across Texas through a collegial, cooperative approach to professional development. The TSI instrument is conveniently available on internet. The scores will provide insight into your affective learning goals for students and the teaching methods that you use to support your goals. The instrument has been constructed using a forced choice technique similar to that used in the Meyers-Briggs Type Indicator and in Kolb's Learning Style Inventory and uses four scales for measuring your preferred teaching styles:

	Learning-varies from Rote to Understanding
	Concept Representation-varies from Abstract to Applied
	Cognitive Processing-varies from Enactive to Symbolic
	Interaction-varies from Individual to Cooperative Groups

  Texas Higher Education Coordinating Board from 2002 to 2007 and it was designed by Center for Occupational Research and Development (CORD) to gauge the teaching preferences and styles, the scores should provide food for thought regarding the type of students you may be best suited to teach based upon your style of teaching, or ways in which you may want to alter your style of teaching based upon the kinds of students you have in your classroom. There is no right or wrong answer; there are 12 items, each of which contains four statements about ways you might respond in your teaching, through the way you might behave, think, or feel. The answer has to be ranked at 4 (Maximum) to 1 to reflect how well they describe the way you teach (Texas collaborative page, 2008) (see the full contents of the assignment in Appendix C).

  -1 shows the distribution for course about the gender. The age of the students was 17 to 21 years (17 -9%, 18 -43%, 19 -35.3%, 20 -8% and 21 -4.8%) this results are shown in the table 5-3 below.

				Gender	
				f	m	Total
	Name	algorithms and	number	38	102	140
	Course	programming	frecuncy	46.9	93.1	140
			% gender	15.60%	21.10%	19.30%
			%total	5.20%	14.00%	19.30%
		computational	number	172	327	499
		tools and algorithms frecuncy	167	332	499
			% gender	70.80%	67.70%	68.70%
			%total	23.70%	45.00%	68.70%
		computer 1	number	33	54	87
			frecuncy	29	57.9	87
			% gender	13.60%	11.20%	12.00%
			%total	4.50%	7.40%	12.00%
		Total	number	243	483	726
			frecuncy	243	483	726
			% gender	100%	100%	100.00%
			%total	33.50%	66.50%	100.00%

Table 5 -2 Percentage of the three groups with the gender
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	algorithms and	computational tools and	computer I
	programming	algorith	

Name Course Recuento Gende Gráfico de barras Figure 5-1 Distribution for course about the gender 5.4.2 Learning styles comparison between different students

  

				Test Statistics		
	Course	Reflective -Active Intuitive -Sensitive Verbal -Visual Global -Sequential
	AP Chi-Square	46.571 a	69.943 b	63.571 a	100.900 b
		Df	9	10	9	10
		Asymp. Sig.	.000	.000	.000	.000
	CTA Chi-Square	238.088 c	218.513 c	266.715 d	412.735 d
		Df	10	10	11	11
		Asymp. Sig.	.000	.000	.000	.000
	CI	Chi-Square	78.414 e	66.368 f	35.770 f	59.793 f
		Df	8	10	10	10
		Asymp. Sig.	.000	.000	.000	.000

Table 5 -3 Chi square analysis of AP, CTA and CI

 5 

Table 5 -

 5 [START_REF] Long | The Horizon Report, New Media Consortium and EDUCASE Learning Initiative[END_REF] shows, the Chi square analysis of 3 groups (AP, CTA and CI) and four learning styles scales revealed no significant differences.

	Statistics

Table 5 -4 Median, mean, mode and variance for AP, CTA and CI

 5 

Table 5 -5 Percentage of the three groups with the gender
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			Sum of Squares	df	Mean Square	F	Sig.
	Reflective -Active	Between Groups	35.070	2	17.535	1.063	.346
		Within Groups	11924.136	723	16.493		
		Total	11959.207	725			
	Intuitive -Sensitive	Between Groups	37.377	2	18.689	1.022	.360
		Within Groups	13219.708	723	18.285		
		Total	13257.085	725			
	Verbal -Visual	Between Groups	462.161	2	231.081	11.567	.000
		Within Groups	14443.519	723	19.977		
		Total	14905.680	725			
	Global -Sequential	Between Groups	6.103	2	3.051	.212	.809
		Within Groups	10426.272	723	14.421		
		Total	10432.375	725			

Table 5 -8 Correlations AP

 5 The correlation is significant at level 0,01 (bilateral).* The correlation is significant at level 0,05 (bilateral)..

			Grade	ref-act	int-sns	vrb-vis	glob-seq
	Grade	Pearson Correlation	1	-,222(**)	-,092	-,169(*)	-,104
		Sig. (bilateral)		,008	,279	,046	,222
		N	140	140	140	140	140
	ref-act	Pearson Correlation	-,222(**)	1	-,084	,277(**)	-,106
		Sig. (bilateral)	,008		,321	,001	,210
		N	140	140	140	140	140
	int-sns	Pearson Correlation	-,092	-,084	1	,130	,379(**)
		Sig. (bilateral)	,279	,321		,125	,000
		N	140	140	140	140	140
	vrb-vis	Pearson Correlation	-,169(*)	,277(**)	,130	1	-,033
		Sig. (bilateral)	,046	,001	,125		,698
		N	140	140	140	140	140
	glob-seq	Pearson Correlation	-,104	-,106	,379(**)	-,033	1
		Sig. (bilateral)	,222	,210	,000	,698	
		N	140	140	140	140	140
	**Grade	ref-act	int-sns	vrb-vis	glob-seq
	Grade	Pearson Correlation	1	-,028	,037	-,002	-,003
		Sig. (bilateral)		,537	,412	,962	,943
		N	499	499	499	499	499
	ref-act	Pearson Correlation	-,028	1	,118(**)	,198(**)	,091(*)
		Sig. (bilateral)	,537		,009	,000	,042
		N	499	499	499	499	499
	int-sns	Pearson Correlation	,037	,118(**)	1	,138(**)	,237(**)
		Sig. (bilateral)	,412	,009		,002	,000
		N	499	499	499	499	499
	vrb-vis	Pearson Correlation	-,002	,198(**)	,138(**)	1	,039
		Sig. (bilateral)	,962	,000	,002		,387
		N	499	499	499	499	499
	glob-seq	Pearson Correlation	-,003	,091(*)	,237(**)	,039	1
		Sig. (bilateral)	,943	,042	,000	,387	
		N	499	499	499	499	499

**The correlation is significant at level 0,01 (bilateral).* The correlation is significant at level 0,05 (bilateral)..

Table 5 -9 Correlations CTA
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			Grade	ref-act	int-sns	vrb-vis	glob-seq
	Grade	Pearson Correlation	1	,135	-,017	-,075	,084
		Sig. (bilateral)		,211	,879	,489	,439
		N	87	87	87	87	87
	ref-act	Pearson Correlation	,135	1	,022	,034	,010
		Sig. (bilateral)	,211		,842	,753	,927
		N	87	87	87	87	87
	int-sns	Pearson Correlation	-,017	,022	1	-,058	,152
		Sig. (bilateral)	,879	,842		,594	,159
		N	87	87	87	87	87
	vrb-vis	Pearson Correlation	-,075	,034	-,058	1	,033
		Sig. (bilateral)	,489	,753	,594		,762
		N	87	87	87	87	87
	glob-seq	Pearson Correlation	,084	,010	,152	,033	1
		Sig. (bilateral)	,439	,927	,159	,762	
		N	87	87	87	87	87

Table 5 -11 Mean, Median, Mode and Variance for AP Tabla de contingencia Age * Sex
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		Estatistics			
			Age		Sex	
	N	Valid	140		140
		Lost		0		0
	Mean	18,6286	1,7286
	Median	19,0000	2,0000
	Mode	18,00		2,00
	Standard Dev.	,97702	,44629
	Variance	,955		,199
			Sex		Total
		M	f			
	Age	17,00	1	12	13	9%
		18,00	18	37	55	39%
		19,00	13	38	51	36%
		20,00	1	12	13	9%
		21,00	5	3	8	7%
	Total		38	102 140	100%

Table 5 -12 Distribution sex and age for AP
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							Age			Sex
		60								120
										100
		50							
										80
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	Frecuencia	30							Frecuencia	60
										40
		20							
										20
		10								Media =1,73
										Desviación típica =0,446
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							Figure 5-	

6 Distribution for AP about the gender and age

  During the second semester 2008, survey was administrated to all of AP students only (no such was present for CTA and CI). Response rates were above 100% with 140 total students (AP n = 140), the gender was 73% male and 27% female students. The table5- 11 shows the percentage of AP group with the gender, Figure5-6 shows the distribution for AP about the gender and age. The age of the students was 17 to 21 years (17 -9%, 18 -39%, 19 -36%, 20 -9% and 21 -7%) this results are shown in the table5-12. 

					Valid	Cumulative
			Frequency	Percentage	Percentage	Percentage
	Valid	5-10 hours	60	38,0	42,9	42,9
		10-15 hours	45	28,5	32,1	75,0
		15-20 hours	12	7,6	8,6	83,6
		more than 20 hours	23	14,6	16,4	100,0
		Total	140	88,6	100,0	
	Lost	System	18	11,4		
	Total		158	100,0		

Table 5 -13 Hours used the Internet per week AsTable 5 -

 55 13 shows, 43% reported their Internet usage is 5 to 10 hours per week, 32% reported their Internet usage is 10 to 15 hours per week, while 29% described communication, 24% entertainment and 20% study as their major use of the Internet. These results suggest that our students are well aware of the Web usage, are shown in the table5-14. 

						Valid	Cumulative
				Frequency	Percentage	Percentage	Percentage
	Valid	self learning		10	6,3	7,1	7,1
		Collaboration		2	1,3	1,4	8,6
		information sharing		9	5,7	6,4	15,0
		communicate family/friends	with	41	25,9	29,3	44,3
		entertainment (music/movies)		33	20,9	23,6	67,9
		to make social contacts	7	4,4	5,0	72,9
		Study		28	17,7	20,0	92,9
		other (please specify		2	1,3	1,4	94,3
		Work		8	5,1	5,7	100,0
		Total		140	88,6	100,0
	Lost	System		18	11,4	
	Total			158	100,0	

Table 5 -14 Hours used the Internet per week
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Table 5 -

 5 15 shows, the students AP preferences aligned with various academic activities. The result suggest that besides relying on the traditional tools like blackboard and email tools, students also prefer to try emerging e-learning tools such as vodcast, IM and videoconferencing. The results also suggest that students AP prefer synchronous (IM) and asynchronous (email, blackboard, vodcast) modes of communication.

		listening to	watching					
		podcast	vodcast			text		
		(audio	(video	discussing it	discussing it	chatting with	text chatting	talking to
		recording) of	recording) of	on the unit	on the unit	my peers on	with my	my peers on
		the lecture	the lecture	blog	wiki	IM	peers on IM	IM
	I would prefer to revise lecture							
	online by:	11%	26%	10%	11%	11%	16%	16%
		as a podcast	as a vodcast	through unit	through unit	through	through	
		presentation	presentation	blog	wiki	email	Blackboard Messenger
	I would prefer to submit online a							
	group project to lecturer:	7%	11%	9%	8%	40%	11%	13%
		audio	video					
		conferencing	conferencing	wiki	blog	email	Blackboard Messenger
	I would prefer to have online class							
	discussion with lecturer through:	14%	33%	9%	5%	12%	6%	21%
	I would prefer to have online group							
	discussion through:	14%	32%	1%	6%	9%	13%	26%
	I would prefer to have online study							
	discussion with a friend through:	10%	22%	6%	9%	7%	16%	28%
	I would prefer my lecturer to							
	conduct online office hours							
	through:	9%	9%	8%	9%	23%	15%	25%
	I would prefer to receive							
	assignments online from lecturer							
	through:	11%	8%	7%	6%	24%	18%	21%
	I would prefer to store my online							
	bookmarks on:	6%	1%	1%	2%	37%	31%	16%

Table 5 -15 Tools preferences against various academic activities
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			emailFrec	blogsFrec	pvcostFrec	sociFrec	wikiFrec
	emailFrec	Pearson Correlation	1	-,163	,022	,041	-,029
		Sig. (bilateral)		,054	,793	,629	,737
		N	140	140	140	140	140
	blogsFrec	Pearson Correlation	-,163	1	,396(**)	,332(**)	,340(**)
		Sig. (bilateral)	,054		,000	,000	,000
		N	140	140	140	140	140
	pvcostFrec	Pearson Correlation	,022	,396(**)	1	,231(**)	,341(**)
		Sig. (bilateral)	,793	,000		,006	,000
		N	140	140	140	140	140
	sociFrec	Pearson Correlation	,041	,332(**)	,231(**)	1	,366(**)
		Sig. (bilateral)	,629	,000	,006		,000
		N	140	140	140	140	140
	wikiFrec	Pearson Correlation	-,029	,340(**)	,341(**)	,366(**)	1
		Sig. (bilateral)	,737	,000	,000	,000	
		N	140	140	140	140	140

** Significative correlation at level 0,01 (bilateral).

table 5
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			-17 and 5-18.			
			emailFrec blogsFrec pvcostFrec sociFrec wikiFrec id_ref_act
	emailFrec	Pearson Correlation	1	-,163	,022	,041	-,029	-,038
		Sig. (bilateral)		,054	,793	,629	,737	,655
		N	140	140	140	140	140	140
	blogsFrec	Pearson Correlation	-,163	1	,396(**) ,332(**) ,340(**)	,069
		Sig. (bilateral)	,054		,000	,000	,000	,419
		N	140	140	140	140	140	140
	pvcostFrec Pearson Correlation	,022	,396(**)	1 ,231(**) ,341(**)	,190(*)
		Sig. (bilateral)	,793	,000		,006	,000	,025
		N	140	140	140	140	140	140
	sociFrec	Pearson Correlation	,041	,332(**)	,231(**)	1 ,366(**)	,032
		Sig. (bilateral)	,629	,000	,006		,000	,703
		N	140	140	140	140	140	140
	wikiFrec	Pearson Correlation	-,029	,340(**)	,341(**) ,366(**)	1	-,008
		Sig. (bilateral)	,737	,000	,000	,000		,929
		N	140	140	140	140	140	140
	id_ref_act Pearson Correlation	-,038	,069	,190(*)	,032	-,008	1
		Sig. (bilateral)	,655	,419	,025	,703	,929	
		N	140	140	140	140	140	140
	** Significative correlation at level 0,01 (bilateral).				

Table 5 -18 Correlation Learning styles & tools preferences 5.4.8 Dominant learning styles
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	Institution/Country	Active	Sensitive	Visual	Sequential
	AUS, United Arab Emirates	51%	64%	79%	71%
	U. of Minnesota Duluth, USA	46%	65%	90%	70%
	Ryerson University, USA	53%	66%	86%	72%
	U. Belo Horizonte, Brazil	65%	81%	79%	67%
	University of Puerto Rico, USA	47%	61%	82%	67%
	U. of Sao Paulo, Brazil	57%	68%	80%	51%
	University of Kingston	51%	64%	79%	71%
	ITAM, México	61%	70%	81%	68%

Table 5 -19 AP students from ITAM dominant learning style percentages in comparison with institutions from other countries (Felder & Spurlin, 2005 and Zualkernan et al., 2006)
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  Teaching styles survey was designed by Center for Occupational Research and Development (CORD) to gauge the teaching preferences and styles. It has twelve items, rank the statement that best describes the responseà ithàaà .àTheà e tà ostà des ipti eàstate e tàshouldà e ei eàaà , àtheà e tàaà , àa dàfi all ,à a kàtheàleastà des ipti eàstate e tà ithàaà .à

					Valid	Cumulative
			Frequency Percentage	Percentage	Percentage
	Valid	AP	140	27,3	27,3	27,3
		CTA	316	61,7	61,7	89,1
		CI	56	10,9	10,9	100,0
		Total	512	100,0	100,0	
	During the second semester 2008, the teaching styles instrument was administrated to
	i st u to s àofàth ee courses. Response rates were above 74% with 17 instructors with
	512 total students (CTA n = 316, CI n = 56 and AP n = 140), the gender was 65.9% male
	and 34.1% female students. The table 5-20 and table 5-21 shows the percentage of the
	three groups with the gender, Figure 5-7 show the distribution for course about the
	three groups.					

Table 5 -20 Frequency Learning styles & teaching styles Contingency Table IdCourse * SexTable 5 -21 Learning styles & teaching styles
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						Sex	
					f		m	Total
		IdCourse	1			38		102	140
			2			117		199	316
			3			20		36	56
		Total				175		337	512
					Histograma	
		400					
		300					
	Frecuencia	200					
		100					
								Media =1,84
								Desviación típica =0,597
								N =512
		0					
		0,5	1	1,5	2	2,5	3	3,5
					IdCourse		
			Figure 5-7 Dstribution for three groups

10 Teaching Styles and Course Grades These

  results suggest that the students work alone have better performance that in cooperative group, as shows in table5-22. 

			grade	AbstractAply UnderstRote IndCoop EnactiveSimbolic
	grade	Pearson Correlation	1	-,081	,024 ,225(**)	,019
		Sig. (bilateral)		,066	,584	,000	,670
		N	512	512	512	512	512
	AbstractAply	Pearson Correlation	-,081	1	-,071	,041	-,298(**)
		Sig. (bilateral)	,066		,109	,354	,000
		N	512	512	512	512	512
	UnderstRote	Pearson Correlation	,024	-,071	1	,011	,409(**)
		Sig. (bilateral)	,584	,109		,802	,000
		N	512	512	512	512	512
	IndCoop	Pearson Correlation ,225(**)	,041	,011	1	-,230(**)
		Sig. (bilateral)	,000	,354	,802		,000
		N	512	512	512	512	512
	EnactiveSimbolic Pearson Correlation	,019	-,298(**)	,409(**) -,230(**)	1
		Sig. (bilateral)	,670	,000	,000	,000	
		N	512	512	512	512	512
	** Significative correlation at level 0,01 (bilateral).				

Table 5 -22 Correlation teaching styles & course performance
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Table 5 -23 Correlation between teaching styles & learning styles
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Chapter 2 Chapter 3

Validates the user through a login and password to verify the user registration data, so you can use the system.

Preconditions

Must have previously implemented the use case Register. Register Login Login Create

Main Flow Presents the user with the login screen (P-1). The user can select from the options: "Log", "Register" and "Exit."

If the activity selected is "Log", is running the use case Register User. Create User Registration (S-1).

If the activity selected is "Enter", it validates the user by your login and password embedded in the login screen (P-1).

Once validated the user (E-1), if students are continuing with the use case Provide Options, if Administrator / Teacher will continue with the use case Check information, consult Information for Teachers (S-1).

If the activity selected is "quit" will exit the system Sub-flow None.

Exceptions E-1 there was no validation: the login / password is not validated properly or were not empty fields. It asks the user to re-register. 

Purpose

To offer the diverse options to a student already registered so that it uses the system of individualized instruction.

Summary

The user initiates this use case. He has capacity to use the diverse options of the system of reservations.

Preconditions

One correctly requires to have validated the user

Main Flow

The screen appears to the user options (P-2). The user can select between the follo i gàa ti ities:à Toàseeàáge da ,à 'esultsàofà"t lesàofàLea i g ,à Toà agai à takeà Testà f o à "t lesà ofà Lea i g ,à Toà egi à Cou se ,à Toà odif àData àa dà Toàe d .à

Ifàtheàsele tedàa ti it àisà Toàseeàáge da ,àitàisà o ti uedà ithàtheà aseàofà use Of showing Subjects, showing syllabus (S-1).

Ifà theà sele tedà a ti it à isà 'esultsà ofà "t lesà ofà Lea i g ,à ità isà o ti uedà with the case of use Of consulting Information; consult Results of the Test (S-2).

Ifàtheàsele tedàa ti it àisà Toàagai àtakeàTestàf o à"t lesàofàLea i g ,àitàisà continued with the case of use Of making Evaluation.

Ifàtheàsele tedàa ti it àisà Toà egi àCou se ,àitàisà o ti uedà ithàtheà aseà of use Of showing Subjects, Show Subject (S-2).

Ifàtheàsele tedàa ti it àisà Toà odif àData ,àit is continued with the case of use Of registering User, obtain Registry of User (S-2).

Ifàtheàsele tedàa ti it àisà Toàe d ,àità illàlog-off itself Sub-flow None.

Exceptions None 

Main Flow

Depending on the options selected by the user continues with the various sub-flows this use case If the activity selected is "quit" will exit the system

Sub-flow S-1 Show syllabus

Presents the topic display (P-6). The student can select the following options "Show Summary", "View Item", "Start Course" and "Exit."

If you select the action "View Abstract", continues the sub-flow Show Summary (S-3).

If you select the action "View Item", continues the topic sub-flow Show (S-2).

If you select the activity "Exit", it will exit the system.

S-2 Item Display

You get the materials of the item or section according to the characteristics obtained in the test Felder of the Materials Database.

Display screen shows the subject (P-7). It contains the following: "Options", "Previous Topic / Sub", "Next Topic / Sub" and "Exit."

If you choose the activity "Options" to continue the use case Provide options.

If you choose the activity "Previous Topic / Sub", continues in the same sub-flow but getting the materials of the item or previous item.

If you choose the activity "Next Topic / Subtopic" continues in the same but getting sub-flow materials or sub-topic below.

If you choose the activity "Exit", it will exit the system.

S-3 View Abstract

Is obtained from the database of materials on the topic selected, the screen displays abstracts (P-8), which shows the summary of the topic.

The activities offered are "Close" and "Exit."

If you choose "Close" to continue the flow or sub-flow earlier and close the screen.

If you choose "Exit" will exit the system.

Exceptions E-1 Incorrect Topic: If the item does not exist in the database of materials.

E-2: Not note If the note is blank. Students are asked to write a note or do not save any note.. Obtained information from all students registered in the system for individualized instruction in the user database. Presents the results screen students (P-9), which contains the options "View Test Results" and "Exit."

System architecture

The architecture of the system is explained in the following way: First, the functional diagram is shown and all its elements are described in Figure 3-16 and Figure 3-17. Then, the technical diagram is depicted and its elements are explained. WSLearning Web Service was implemented using Visual Basic. NET. The first thing we did was implement in the user database stored procedures and materials to carry out the tasks of integration and update the database. Stored procedures that were developed were:

CrearUsuario: Allows you to insert information from a new user. Get all the information needed to fill in a user record in the database.

ModificaUsuario: Allows you to edit information for a new user. Get the data to be modified in the registry of the user is indicated by the login and password that are sent.

CrearResultado: Allows you to create a test for learning styles Felder. Get the student to login to be created along with the outcome of the test results.

ModificaResultado: Allows you to change the outcome was determined that a student in the test of learning styles Felder. Get the login and the new results of the student in question.

Once created and verified to operate stored procedures, continued to the programming of the Web Service methods. Figure 3-20 shows roughly how the system was implemented. First, there is a database that stores user information and course materials. Then Web Service that contains the methods responsible for providing services to users of the system and communicates Comparing the active and reflective dimensions, the majority of students were active.

Between the sensitive and intuitive dimensions, more students were sensitive. The greatest gap was found between the visual and verbal dimensions, where 22 students were visual and only 4 of them were verbal. Finally, in the sequential and global dimensions, the preponderance was sequential.

After they used the system, a survey was given to the students in order to know if they had learned more or less than the average performance of prior students taking the same class without the system. The results from this survey are the following:

• 76.9% thought that the system helped them understand better a subject, while 23.1% said they understood the lesson the same way they would have understood it with a teacher.

• 53.85% said they learned more with the small interaction they had with the system than with a traditional method, while 46.15% said they had learned the same.

The overall comments to the system were:

Possible improvements, changes or enhancements: 92.31% of the comments asked for more information, more visual materials, audio materials, more examples and more theory. Note that these comments are about the materials, not about the structure of the system. Only 7.69% asked for a friendlier interface.

Chapter 4

Teaching 

Adaptive teaching framework

One usual definition of f a e o kà isà theà follo i g:à aà setà ofà assu ptio s,à o epts,à alues,àa dàp a ti esàthatà o stitutesàaà a àofà ie i gà ealit .àF o àtheàpoi tàofà ie à ofà tea hi gà st ategiesà a dà thei à defi itio s,à the e sà aà eedà toà fa ilitateà theà implementation of Felder and Silverman´s theories of learning styles by selecting the proper electronic media and teaching strategies for each style [START_REF] Hong | Adaptation to Student Learning Styles in Web Based Educational Systems[END_REF][START_REF] Carver | Enhancing Student Learning Through Hypermedia Courseware and Incorporation of Student Learning Styles[END_REF][START_REF] Felder | Learning and Teaching Styles in Engineering Education[END_REF][START_REF] Gilbert | Adapting instruction in search of a significant difference[END_REF]Paredes & Rodriguez, 2002).

The proposed framework consists on matching the different learning styles with teaching strategies. It also suggests the suitable electronic media as a channel for its representation, thus personalizing it to every student. This framework has been constructed based on our own diverse experiences with Soloman -Felder learning style theory and usage of e-media (Franzoni et al., 2008). It has been checked through an expert panel using the Delphi method which was held during the III Congreso de Estilos de Aprendizaje at Cáceres (Spain) in July 2008 (see the full contents of the assignment in Appendix B).

This framework is based on the four learning styles dimensions (LSD):

LSD= {LSD 1 , LSD 2 , LSD 3 , LSD 4 )} Each dimension is defined as a combination of four values according to the learning styles dimension (see Table 2): Table 4-4 shows the matching framework, this framework can help teachers, through knowledge of the ways our students learn to solve the problem of integrating new information technologies and configure new teaching and learning situations. Knowing the learning styles of students we will select the type of teaching strategies (see Figure 4-2 and Table 4-4) and the most appropriate electronic media (See Figure 4-4 and Table 45. 

Teaching strategy

Games and simulations X X X

Learning based on problem solving

Case study X X X Question and answer method X X X X Project design method X X X

According to teaching strategies selected in the table above the teacher can select the specific electronic media that should be the best appropriate to the instruct knowledge based on the learning style (see Table 45). 

Web seminars (broadcasts)

Integration elements for LSD 4 (Understanding (Sequential, Global)) are shown on * The correlation is significant at level 0,05 (bilateral). ** The correlation is significant at level 0,01 (bilateral).

Table 5-6 Correlations between learning styles and teaching strategies

As Table 5-6 shows, a positive correlation exists between some learning styles with teaching strategies, in this case this correlations corresponding to the matching result by the Delphi panel (see chapter 4.3.1), so with this information, we can suggest that the framework is validated and the results of this data is for all students not only for e gi ee i gàstude ts,à eàthi kàthatàit sàpossi leàtoàge e alizeàtheàf a e o k.

Learning Styles matching with electronic media

For this matching we used 726 students' answers of the two questionnaires, Felder and Soloman (1998) and teaching strategies questioner and we make the correlations (see * The correlation is significant at level 0,05 (bilateral). **The correlation is significant at level 0,01 (bilateral).

Table 5-7 Correlations between learning styles and electronic media

As Table 5-7 shows, a positive correlation exists between some learning styles with electronic media, in this case this correlations corresponding to the matching result by the Delphi panel (see chapter 4.3.1), so with this information, we can suggest that the framework is validated. The results of this data are for all students, not only for e gi ee i gàstude ts,àsoàit sàpossi leàtoàge e alizeàtheàf a e o k.

Chapter 6

Appendix

Appendix B

Questionnaire -

Humans have different ways of learning. Some can assimilate in a better way the knowledge received visually, auditory or through a certain sense, and this is why the traditional teaching styles generally tend to benefit one of these representation more than others. For example, the visual if everything is written on the blackboard without mayor auditory resources or, on the other hand, when only auditory explanations are used. In this sense, it is necessary to develop new means to deploy resources to support the learning process in a way that it not only suits the characteristics of a few, but that it adapts to the characteristics of each student. One effective way to ensure it (the learning materials can be designed for all types of students based on their learning styles) is by using multiple electronic media. Even though, there are many studies on the effectiveness of multimedia and learning styles in the educational systems [START_REF] Najjar | Multimedia information and learning[END_REF] [START_REF] Liao | Effects of hypermedia on students' achievement: A meta-analysis[END_REF], but very few give an idea of which combinations of electronic media and their learning styles are more effective than others. Beachman ( 2002), along with other researchers, based his investigations on the Dual Coding Theory (information is processed through one of two usually independent channels, while one channel processing verbal information such as text or audio, the other one processes visual information like diagrams, images, animations, etc.), concluding that a combination of the electronic media to expose class learning material helps to improve the learning results. This research is based on the development of learning styles integration taxonomy, teaching strategies and the proper implementation of electronic media to facilitate and personalize the learning process so that students have a better assimilation of knowledge.

To do this research, we ask your collaboration to answer the following questionnaire based on your experience.

If you have doubts the any term definition please goes to the glossary at the end. 

Electronic Media (Alphabetical Order) Description

Webblog or blog A blog (a portmanteau of web log) is a website where entries are commonly displayed in reverse chronological order. "Blog" can also be used as a verb, meaning to maintain or add content to a blog. Many blogs provide commentary or news on a particular subject; others function as more personal online diaries. A typical blog combines text, images, and links to other blogs, web pages, and other media related to its topic. The ability for readers to leave comments in an interactive format is an important part of many blogs. Most blogs are primarily textual, although some focus on art (artlog), photographs (photoblog), sketchblog, videos (vlog), music (MP3 blog), audio (podcasting) are part of a wider network of social media. Micro-blogging is another type of blogging which consists of blogs with very short posts. 

WebQuest