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Summary

With the rapid upcoming of internet and other new computer technologies the role of the computer in our society and in our education is getting larger. The use of the computer in our education is mostly indicated as e-learning. In this research we investigated which e-learning techniques could be usefull for the course of Numerical methods for differential equations, which is part of many bachelors at the Technical University of Delft. 
In this investigation we saw that the term e-learning is a very broad concept which is (ab)used in many different contexts. In many cases the choice for e-learning solutions is made because it can have many practical but also didactical advantages. The significant change that the student made in the last decades could be an other reason to chose for e-learning. Growing up with the computer, internet, games, television and the mobile phone changed the behaviour and the skills of the student

We structured the abundance of e-learning tools according to the interaction over time and place. The focus of our research was on tools which can be used at any place at any time and which will not only bring practical, but also didactical advantages. These forms of e-learning can very well be combined with the traditional forms of learning, which is indicated as blended learning. 
To create an idea how to design succesfull e-learning tools we examined the vision of Michael Allen [1.1] who wrote a lot about instructional design, and designing context, challenge, activity and feedback. This gave us the idea that e-learning can have many didactical advantages and that many different e-learning tools could be used within one course. Therefore we designed an e-book which can combine the content of the paper book with many different e-learning techniques. Because the usefullness of e-learning tools is highly dependent on the subject material, all content is structered according to the content of the book. 

An other e-learning tool we became enthousiastic about during this research uses the technique of screen recording. This technique records all screen activity and also audio. Therefore this technique is very well suitable to make instruction videos about a solution method for example. Instead of providing better conditions to learn, this techniques really helps students in their learning process. We made some screen recordings and added this to the e-book. 

In the final stage of this research we asked several students to visit our website and fill in a questionnaire about the different parts of the e-book. A large majority of students was very positive about the website and stated that they would certainly use the website, and especially the videos, while studying. This strengthened us in our opinion that it is a good idea to structure the information according to the content of the course and that screen recordings could very well contribute to the course of numerical methods.  
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Chapter 1: Introduction
The goal of this research is to find out which e-learning techniques could be used within the course of Numerical methods for differential equations to improve the learning process of the students. This report describes the process we went through in our search for suitable e-learning tools. 

The first part of this report describes what e-learning actually is. We see that most e-learning tools that are used nowadays improve the organisation and the communication within a course. These practical advantages could be a reason to chose for e-learning solutions. An other reason might be that new technologies changed our students into the “Homozappiën” [1.2]. 

In chapter three a framework is presented which structures all different types of e-learning. We also describe some different forms of e-learning which are already used by schools and universities all over the world. We already state that the combination of many different e-learning tools, and also the combination of e-learning with the traditional forms of learning, blended learning,  could be a way to implement e-learning in a course. 

The next chapter contains a summary of the book: Designing succesfull e-learning (2007) by Michael Allen [1.1]. This book describes different methods to design usefull and powerfull e-learning tools. Main conclusions from the book are that in using e-learning, you can improve interaction and feedback and a learner can do things that are not possible in normal live. Therefore, e-learning can bring a lot of didactical advantages. For e-learning to be succesfull, a good design approach is needed and the content, consisting of context, challenge, activity and feedback, should be meaningfull, memorable and motivational.

The fifth chapter describes the e-book that we designed ourselves. Because many different e-learning techniques can be used for the course of numerical methods, we decided to build an e-book. This e-book gives us the possibility to implement different e-learning tools, structured according to the content of the course. This is much different from structuring the content according to the type of information, which electronic learning environments tend to do.

One of the e-learning tools that is added to the e-book uses the technique of screen recording. This technique, which records screen activity and audio, is described in chapter six. We describe the advantages and disadvantages of this technique and we focus on the large differences between screen recording and the recording of a lecture. 

The e-book including the screen recordings will be evaluated in chapter seven. This chapter shows the results of the questionnaire which was filled in by 21 students of numerical methods who visited our website and gave their opinion about it.

In chapter eight I will shortly give my own opinion about the use of e-learning techniques in our education. I ask myself why we should use it and why it is not widely used already. Also the idea of the “Homozappiën” will shortly be discussed. 

The last chapter describes the conclusions that are drawn from this research and the results of the questionnaire. These results made us more enthousiastic about our e-book and especially about the videos that where made using screen recording. Also some recommendations for the future use and development of e-learning techniques within the course of Numerical methods are given.         
Chapter 2: What is e-learning?
The subject of e-learning

E-learning, short for electronic learning, is a very broad concept which refers to computer-enhanced learning [3.1]. The term e-learning is used in many different contexts and includes all forms of learning for which a computer is involved. In many cases it is associated with “long distance learning” but many e-learning applications can very well be combined with the traditional forms of learning and can be used in the lecture room for example. In this case one often speaks of “blended learning”. So the concept of e-learning contains much more than just “online learning” or “online education”.

E-learning can refer to the online universities, which offer online subject material and a set of academic degree and certificate programs via the internet. But it can also refer to educational websites where children learn using interactive exercises, online applets, video, audio etc. Also the use of online communication platforms (used by students, teachers, experts etc.) or online learning management systems (such as blackboard) is indicated as e-learning, just as working with a beamer or a interactive whiteboard in the classroom is.  One of the latest developments in e-learning is the use of computergames. In chapter 3 of this report, a framework is presented which structures all these different types of e-learning techniques and more different e-learning applications will be described.
General advantages and disadvantages

One of the main advantages of e-learning is its flexibility. For many applications the student can learn whenever he wants, wherever he wants. If online video and/or audio material is used (like online lectures) you can see or hear them as many times as you want. In many cases you can learn according to your own schedule and you can save money and travelling time because you can learn (mostly) from your own home.

Another advantage is that e-learning can give you a lot of variation in learning material. Whereas in books only text and pictures can be used, with e-learning you can use video, audio, interactive exercises, java-applets, games etc. 

The last advantage mentioned here concerns the communication between the students, the teacher and other experts. The use of an electronic learning environment or some communication platform can improve the communication between teacher and student, but also between the students mutually. Information can very easily be exchanged, students can comment on each others work, and there are a lot of possibilities for discussion.

The main disadvantage according to many didactics is the lack of human interaction between teacher and student and students mutually. Some critics even argue that because of the lack of this human interaction, the proces is no more “educational”. Students can get a feeling of isolation because of the absence of human interaction. Especially in primary and secondary school, an important task of the school is to teach the students social skills and learn them how to act in a social environment. When all social activities are displaced by online learning, this task is fully neglected. But, as mentioned before, the use of e-learning does not mean that there will be no human interaction at all. It can be combined with the traditional forms of education. 

The financial aspect can be another disadvantage. For some e-learning techniques, large investments have to be done. For example to buy computers in the lecture room for every student, or the set up of an online electronic learning environment. These things not only cost a lot of money, but it also takes time to learn about the working of these new techniques. In most cases, the initial costs and amount of time which has to be invested are large, but when more and more students use the techniques and the longer it is running, the cheaper it will get in costs per student.

The advantages and disadvantages concerning e-learning depend a lot on which e-learning application is used. The use of interactive whiteboards in the lecture room is an e-learning application, but it will not save travelling time for the students. In the chapter 3 more tools are described with a short notice about the (dis)advantages. In chapter 4, about the design of e-learning, we will see that e-learning can bring many other advantages than described above.
Practical and didactical advantages
In the previous part we saw that the most important advantage of e-learning is probably its flexibility. Many e-learning applications used today, like blackboard, improve the communication and make study-material available on the internet. This is a practical advantage. In the outline of different e-learning tools in chapter 3 we will see that many tools bring these practical advantages. In chapter 4 of this report, about the design of e-learning applications, also other advantages of e-learning are described. We will see that e-learning can not only bring practical, but also didactical advantages. For example video and audio can really help students to remember the course content better and can in some cases clarify more than words or pictures can. Even better than video or audio is to make the student active. When there is more interaction, when the student has to do or write things, course content can be better understood and better remembered. E-learning can offer all these possibilities in forms of audio, video, games, simulations, interactive applets, and interactive tests including fast (intrinsic) feedback. With these techniques the computer can very well be used for discovery learning: “In this form of learning learners experiment and construct knowledge like ‘scientists’. That is, they provide the simulation with input, observe the output, draw their conclusions, and go to their next experiment.” [1.3]

In many e-learning applications that we will outline in chapter 2, we miss these didactical advantages. Many tools are focused on the practical advantages that e-learning can bring, but only a few applications really bring didactical advantages. In this research we do not only focus on the practical, but also on the didactical advantages that e-learning can bring. We will see that wether or not these didactical advantages can be utilised is highly dependent on the content of the course.

Research question
In this research we will keep the focus on the course of Numerical Methods for differential equations. The goal of this project is to find out which e-learning applications can be used to will contribute to the education of this course. Therefore the main research question is:

Which e-learning tools can be used to improve the education of the Numerical methods for differential equations course? 

With improving the education we mean that the e-learning material will help the students in study-ing the course material. In using the e-learning material the students will have to master the content of the course better and/or faster. In this research the focus will be on e-learning methods which can be used a-synchronically and on a distance. These are tools which are used by the student outside the lecture-room and that can be used anytime and anywere he or she wants. 

Because the research will not only be focused on the practical, but also on the the didactical advantages of e-learning, the content of the course plays an important role in the search for suitable e-learning tools. Therefore this search will start from the book that is used during the course. To test some e-learning tools we will be doing some instructional design ourselves. We will implement the content of one chapter of the book into an e-learning application. In doing this,  we will keep many things of chapter 4, about the design of e-learning in mind. This tool will eventually be tested by some students of numerical methods. Their findings can be used to evaluate the usability of the tool.

Why e-learning?

In the pevious part some advantages of the use of e-learning are already mentioned. These can all be reasons to make the choice to start using e-learning in our education. In this short chapter an other reason for the use of e-learning is given: the student of this century is not the same as he or she was before. The daily use of computer techniques and different media in their lives changed the behaviour of the present generation. This new student asks for a new way of educating. Wim Veen, professor of education and technology at Delft University of Technology, wrote a lot about this new type of student [1.2].  The next part is a short summary of a presentation of Prof. Veen which can be viewed on [3.3].

Homozappiëns
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The student of the year 2008 is not the same student as the student in the 1980’s. Growing up with all new technologies has changed the learner in our education system. Wim Veen describes these ‘new’ students as “Homo zappiens”. They are born in the 1980’s and have never known a world without a computer and without internet. They use a lot of media and new technologies and are controlling information flows all day long. As can be seen in figure 1.1 below, there are only two moments in a day that they do not make use of media: the moments that they are at school. This media use consists of many different activities: Gaming on Internet, Communicating using MSN or SMS, chatting with ‘virtual friends’ etc. All this media use and constantly controlling information flows has made a significant change to the learner and made him more capable to learn in our ‘information-society”.

When they come home, a lot of students start their PC and start gaming. They do that alone, in large groups on the internet (as in World of Warcraft), or with a virtual friend somewhere else on our planet. And all they do during this gaming is recognizing problems and solving problems, together or alone. This generation has learned that learning is playing. This gaming is not only for fun, but it is also a challenge. There is a lot of interaction in this form of learning and games can be much more spectacular than the real world. 

The way students nowadays communicate differs a lot compared to 20 years ago. They often do not communicate one to one but are used to communicate with many people on the same moment. They do not only use the telephone but also MSN and the Internet. They do not only communicate in words, but make more and more use of images, pictures, films and clips. They also like to share their pictures on the internet such that everyone all over the world is able to see them. 

Because of the limited screen size of some communicating technologies their writing has changed to. They write more compact. 

During all this communicating they have created a rich network with many ‘normal’ and virtual friends. If they are looking for new information they often do not search in books, but they use their network. It also changed the way they consider school. They see school much more as a meeting place, instead of a learning place.

The question is whether all this communicating, gaming and surfing on the internet has any contribution to the evolvement of the learner. In fact, it helps youngsters to develop some important skills that can be very useful for learning:

Iconic skills:
They learn to pick up information from icons. They look to a website as a whole, instead of starting to read in the upper left corner. In this way they integrate a multiple of information in one moment. So they learn skimming.

Multitasking:
Children listen to music, communicate on msn and do their homework all on the same moment. They have learned to level their attention for one of their activities. They do the same when they are watching television. They zap from one channel to another, not to find a good program to watch, but to find the essence in each program. This can be a very useful skill in learning.

Processing discontinued information:


This ‘zapping’ has also made students good information processors. In a society that has an overload on information, this can be an important skill to quickly find the essence.

Nonlinear approach:


Students nowadays approach information with a question. They want to know something specific and do not start to read in a book in chapter one. They are demand based and consumptive learners: information is only useful for them if they can immediately use it. 

All these skills are different from those that will be learned from reading a book. The use of different media leads to different skills. So in using all these different media students learned different skills and as a result the Homo zappiens differ a lot from the Homo sapiens. Some differences in learning are listed below:

	[image: image85.png]


Homo zappiens
	<>
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Homo sapiens



	twitch speed
	<>
	conventional speed

	multi tasking
	<>
	mono tasking

	non linear approaches
	<>
	linear approaches

	iconic skills first
	<>
	reading skills first

	connected
	<>
	stand alone

	collaborative
	<>
	competitive

	active
	<>
	passive

	learning by playing
	<>
	seperating learning and playing

	instant payoff
	<>
	patience

	fantasy
	<>
	reality


All these new skills made the Homo zappien a creative problem solver, an experienced communicator and a self-directed learner. He has also become a digital thinker: he is used to the fact that he can experiment and manipulate while he is learning. Therefore he has also become a different learner than his teacher used to be. This has caused a gap between students and teachers. Concerning this gap, one important note has to be made. Although new technologies really changed the behaviour and the way of learning of our students, this does not mean that they are also interested in these new technologies. Generally, students only care about if something is working. They are not interested in how it works and often do not have great knowledge about new technologies.

Consequences for learning?

To have a closer look on what the consequences of this changed students will be for his learning it is important to define what learning actually is. Wim Veen describes learning as searching for meaning. And according to him, knowledge is communication about meaning. So if we organize our education we organize communication about meaning. In our education we have to help the student in finding meaning for information. In finding this meaning, ICT can play an important role. Using digital data, the student can experiment and manipulate and the data can be used as a tool for knowledge construction. And knowledge construction is the ultimate goal of learning. So using digital data goes beyond reproducing what others have presented and understanding others thoughts. Students can create their own knowledge, generate ideas of their own and may start to think: “What can I contribute?”

So it is clear that ICT has to play an important role in reorganising our education. Accoring to Veen this new, creative education has to be based on seven major principles: Trust, Challenge, Self direction, Relevance, Immersion, Passion and Talents. These principles themselves have not much to do with ICT at all, but by using ICT in our education we can focus much more on these principles than we did ever before.
Chapter 3: Types of e-learning
From the previous chapter it can be learned that e-learning is a very broad concept which can refer to many different ways of using computer techniques in the learning process. In this chapter we will give some examples of e-learning techniques which are used or have been used in a wide field of education. To structure all information we make use of a widely used framework which devides all different e-learning applications in four separate groups. This overview will certainly not be complete but it gives an idea of the different e-possibilities.
Framework

Some people tend to call allmost every form of using the computer in education e-learning. Even sending an e-mail to a student is sometimes named as a form of e-learning. In this studies we exclude these kind of “e-learning applications”. Many of the applications described in this chapter have to do with the organisation and communication within a course, but are not really about the learning process itself. Some examples are digital student guidance systems and even many forms of electronic learning environments or learning management systems. Of course they can be of great importance in our education, but in this studies we would like to focus on the education itself: “What forms of e-learning can be used to learn a student the content of a chapter”. To structure the abundance of all forms of e-learning we make use of the framework below [2.1]:   
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Although many e-learning applications can be placed in more than one of these four quadrants, this framework can help to give an overview of the different e-learning possibilities. It can also be helpfull for a teacher to select an e-learning application for his course.

Local synchronous applications

The e-learning applications in the first quadrant are tools that are used by all students at the same place and at the same time. This are mostly tools that can be used in the lecture room. Some of the listed applications are not really new and some people may not even call it e-learning, but for completeness also a short description of these applications is added.    

Beamer / powerpoint:

On a lot of universities and also highschools there is already a beamer present in some lecture rooms. Using this beamer the teacher can project his computer screen on the wall, to make it visible for all the students. This can be used for powerpoint presentations, simulations, program instructions, instruction video’s etc. Some advantages in comparison with a blackboard is that you can show moving images, it is faster (you don’t have to write everything down during the presentation) and you can use and visualize computer programms. A disadvantage is that you can not write on the screen and it might go to fast for the students. Drawing a graph on the blackboard by hand can in some cases be much more instructive than drawing it on the computer.  

Smartboard / activboard:

More advanced than just the beamer is the Smartboard or the Activboard. This can be seen as a combination of an old fashioned blackboard and a beamer with computer. The screen of your computer is projected on a whiteboard. This white-board is a kind of large touchpad. So you can draw pictures, or write text on the board by hand just like on a blackboard. You can also operate the computer using the whiteboard. Advantage of this is that the teacher is still facing his class, instead of sitting behind his computer. An other advantage is that you have all the possibilities of a blackboard and of the beamer and even more, because you can combine the two. A disadvantage is that an activboard is expensive and a lot of time has to be invested to create good educational material. For a demonstration see [4.5].

Studio classroom:

In the studio classroom the usual oral lecture can be combined with practical assignments on the computer. It is a lecture room in which every student, or a small group of students, has a computer available. So after an oral instruction about the theory students can immediately apply the new theory in practice. They can do it all together at the same time, with the teacher available. Immediately combining theory and practice helps to construct a good knowledge base and is a great advantage. A disadvantage is that large investments have to be made to create the studio classroom and it requires more time and effort from the lecturers. 

e-voting:

This tool is often combined with the smartboard or active-board and is used in the lecture room. Every student has a small box on his desk or seat with which he can vote A, B, C or D. With  this tool, the lecturer can ask the audience multiple-choice questions. All answers can be projected on the interactiv whiteboard, including the names of the students who gave the answers. This application can increase the interaction in the classroom and can also be used by the teacher to test the students in a formal or an informal way. 
Local asynchronous applications

The e-learning tools in this quadrant are tools that are used on the same place (in the lecture room for example), but the students can be working on different subject material. This form of education is especially suitable for courses where students work on projects, alone or in groups. 

Computer Lab Control:

On many (technical) universities computerlabs are already present. An example is the engineering studio at the faculty of mechanical engineering in Delft. Students can work all at the same time on their own design assignments on their own computer. At the engineering department of Pittsburgh university there are similar computer labs, but here an important software system is added [2.1]. This tool allows the teacher to see every monitor in the lab on his own screen. In this way he can see what every student is doing on his or her computer. The system gives the teacher also the possibility to put notes and comments on the students work through his own screen. Advantage is that the teacher can see if every student is going in the right direction and he can give instant feedback.
Distant synchronous applications

Using the technologies in this quadrant all students are learning on the same subject material at the same time, but in a different place. This can be very suitable for students that are able to study on daytime, but are not capable to attend lectures. This can be because of a large distance, but also because of the lack of mobility caused by sickness for example. 

Live broadcasted lectures:

A lot of universities in the United States already have the possibility to record a lecture and broadcast it live via the internet or cable. In appendix B an example of the use of this technique at the technical Univerity of Washington is described. In this example more than one camera is used and a director directs the camera’s. In this way, the student at home has a good overview of the blackboard and is able to follow the teacher to. Advantage of this technique is that you can follow the lecture all over the world. Disadvantage is that there is no interaction and that large investments have to be made to create a good studio. Of course there is also a possibility to record the lecture, place it on the internet and watch it later. So this technique can also be placed in the fourth quadrant. Examples of online lectures on the TU Delft can be found on the websites from [4.1]. These are not live broadcasted lectures. 

Video conferencing:

This tool is especially suitable for one on one communication between teacher and student. Using a webcam the student, or a small group of students, can communicate over a long distance with their teacher, using the internet. They can ask questions about theory, or the teacher can give comments on work they have done. With some tools that support this kind of communication the teacher can not only see the sight of the camera of the student, but also his computer screen. So he can give realtime comments on the students work. Some programs give the teacher the ability to ‘take over the control’ of the computer of the student. So the teacher can move the mouse of the student. This can be a very usefull tool to give instructions about how to use a program. The great advantage of these techniques is that there is some kind of face to face interaction even when student and teacher are separated by a large distance. A disadvantage is that a teacher can only communicate with one or two students at a time. So helping a large group of students will take a lot of time. On the other hand, helping students individually will always take more time, and using this technique, travelling time is saved. 

Some examples of the use of video conferencing can be found on a Dutch website about video communication [4.6]. This website shows many different forms of video conferencing on many different schools.
Distant asynchronous applications

With the techniques in this quadrant students can study material any time they want at any place they want. This form of e-learning is especially suited for working students who are not able to attend to lectures and who can not stick to a strict schedule but study when they have time to do so. A simple “non-e-learning” example of distant asynchronous study material is a book. The student can read it any time, anywhere. Disadvantage of a book is that there is no interaction, the student can not act, ask questions and will not get any feedback.

Collegerama:

With this tool lectures are recorded in audio and video just as in the previous example about live broadcasted lectures. But in this case, the recordings can be edited and adapted and can be complemented by the powerpoint slides that can be used during the lecture. In this way the student can see the lecture where-ever there is a computer available whenever he or she wants. He will not only see the lecturer talking and maybe writing on the blackboard, but he will also see the powerpoint slides next to it, running along with the lecture. Advantage is that students can view the lecture several times. A disadvantage is that there is no interaction between student and teacher. The lectures on collegerama (TU Delft) can be viewed via [4.1]. 

Applets:

These tools can be seen as a kind of “movable pictures” and are mostly created using Java software. Some can be played like a short movie, but they can be interactiv to. Advantages of these applets are that they can give a lot of insight in theory and they are quite easy to make. A disadvantage is that they are not suitable for every course type. 

Some examples of the use of applets in primary and secondary school can be found on the website of the Freudenthal Institute, the e-learning for kids association and the online Dutch learning method Ratio [4.3].

Games:

In the previous chapter games are already widely discussed. In games students can act, and learn by playing. So it is fun and students can do it whenever they want. Games are also very suitable to give intrinsic feedback (chapter 3). A disadavantage is that not all subject material is suitable to integrate in a game. It will also be very time consuming to convert course material into a form for which it can be learned by a game. 

Information about the use of different games in education can be found on [4.7]. Concrete examples of online games are hard to find, because in most cases a login name is required. 

Screen recording / Tablet PC:

With the technique of screen recording the teacher can record all his screen activity. So he can for example solve a difficult problem on his PC step by step and record the whole procedure. Using a microphone he can also record audio with it. This technique is especially suitable for program instructions, but can also be used to learn a solution method. An advantage of this technique is that it is quite easy to make and investment costs are low. It can also be combined with the use of a tablet PC. This is a personal computer with a touchscreen as a monitor. You can not only command the computer by touching the screen, but you can also make drawings on the screen which will be directly converted into a digital drawing. This makes drawing and hand-writing on the PC much easier as with a touchpad, but the disadvantage is that a Tablet PC is quite expensive.

An example of a screen recording can be seen on the websites of the computer programs Instant Demo and Camtasia Studio [4.8]. There is a demonstration made with a screen recording program which demonstrates how to use the same screen recording program. The website states an advantage of screen recordings: “A picture paints a thousand words – an Instant Demo paints a million.”

Wiki’s:

The most famous Wiki in the world is obviously Wikipedia. This is a digital encyclopedia available for everyone on the internet. It has the possibility for everyone to add or change articles. This tool can very well be used in education. The teacher can make a wiki and let the students get their study material from the wiki, but it can also be used the other way round. The teacher lets a group of students create their own wiki. In this way it can be used as a kind of digital report or a digital portfolio, which the teacher can correct and comment on. The advantage of this application is that it brings almost no extra costs and it is quite easy to learn and use. Examples of wiki’s can be found in [4.9].  

Weblogs:

A weblog can be seen as a personal online journal. It is a personal website on which the author (student or teacher) can post messages very easy (announcements or study material). A new message will appear on top of the page and there is a possibility to react on each others messages. This can result in a high level of interaction and a lot of discussion. It can be used to collect information about a subject, as a logbook during an internship, or to practice your information skills, social skills or reading and writing skills.

Some examples of weblogs used in courses or as a kind of digital portfolio can be found in [4.4].

Adaptive electronic text books:

Examples of tools which can deliver adaptive and interactiv electronic text books are InterBook or ActivMath [2.2]. In e-learning terms these are quite ‘old’ applications, but I think they can still be of good use. Using these tools the teacher can make an electronic text book from a plain text. The electronic text book can be placed online and consists of two frames. The left frame consists of a kind of table of content which can be used by the student to navigate through the book and which shows the relation between the different subjects. Also interactiv multiple-choice exercises can be implemented for every single part of the content. In making these exercises the student receives instant feedback about the correctness of his answers and there is the possibility to ask for a hint. An advantage of using these kind of books is that you can make use of them anywhere you want, as long as there is a computer available. An other advantage is that the teacher can very easily adapt or implement new texts, figures or exercises. 

Examples of adaptive text books can be found on the website about Activmath [4.2]. Other examples of a kind of adaptive text books can be found on the website of the Digitale Universiteit. For a mathematical chapter about matrices, see also [4.2]. For examples of Dutch ‘digital text books’ for primary education see the website of the online learning method Ratio [4.2].
Organisational tools

As said before, a lot of e-learning applications only improve the communication and organisation around a course. An example is the electronic learning environment, or the learning management system (ELO, elektronische leeromgeving, in Dutch). These systems are already widely used by highschools and universities in the Netherlands. Some examples are blackboard, fronter or studieweb. These are online environments which are mostly used to improve the communication to and between students. All information about the course, study material and announcements are made available on the net for the students. So also for example links to important sites, video files, audio files and exercises can be posted. Also students can post their work online and can comment on each others work. Most environments include a “discussion board” where students and teachers can discuss about course topics. The more advanced environments also include tools for the teacher to administrate the student data. 

So these learning management systems give teachers the possibility to implement their e-learning applications in their course. Using Blackboard, the teacher can post applets, video’s, online lectures, screen and audio recordings, digital exercises, online tests or powerpoint presentations online. But the ELO itself has nothing to do with the content of the course. It is a “one size fits all” service. So learning management systems can be very powerful systems that support the activities performed by the student or teacher during the e-learning process [2.2]. But these are not the applications on which we will focus in our research.
The combination

The usefulness of the tools mentioned in the previous parts is highly depending on the content and the goal of the course. For many courses more than just one of these tools will be suitable to use. In practice, many different e-learning tools can be combined within one course. The interactive and adaptive text books for example can very well be combined with the use of applets, screen and audio recordings and maybe even parts of online lectures. Not only can e-learning tools be combined with each other, but also with the traditional learning methods. When e-learning is combined with the traditional forms of education, like oral lectures for example, one often speaks of blended learning. 
The Technical University of Berlin combines some of the previous described e-learning tools in their MUMIE project [4.11]. This combines a kind of adaptive electronic textbook with 3D java applets, exercises and more.

In this research we will not focus on just one of the previous e-learning applications but we will try to find a good combination of applications which can be implemented in the course of Numerical Methods for Differential Equations and which will contribute to better education.
Chapter 4: Designing e-learning
With the rapid upcoming of the computer and especially internet, an enormous growth in e-learning technologies was expected. And indeed many different e-learning tools arose. People where convinced that these tools, in combination with the use of internet, would make learning faster, more efficient, more interactive and maybe even more fun. Internet also made it possible to learn from your own home. It was expected that better communication, easy access to a lot of information, and more interaction would give the learner a central position in the learning process. After the ‘implosion’ of the internet bubble, also the high expectations with respect to e-learning were tempered. It seemed that not all forms of e-learning were really improving the learning process as much as people thought at the start. This made people more aware of the fact that good design methods and a lot of investment time are needed to create succesfull e-learning tools [3.6].  

In this chapter we will shortly describe some learning theories, education theories and design methods. In doing this we will mainly use the book: Designing succesfull e-learning (2007) by Michael Allen [1.1]. This chapter is a summary of the book for which we have selected the parts that are most important and usefull for our research.
Learning Continuüm

In the foreword of Michael Allens book, Nick van Dam (founder of www.e-learningforkids.org) refers to the learning continuum designed by Edgar Dale in 1969 (figure 4.1). Dale stated that people remember about 10 % of what they read, 30% of what they see, 50% of what they hear and see, 70% of what they say and write and 90% of what they do. Therefore, learning by doing exercises and solving problems yourself will be much better remembered than learning by reading a book. This brings us directly to a great advantage of e-learning. In using video and audio but also simulations and games, the learner himself is much more active in comparison to the reading a book. So according to the figure below, e-learning must be able to help people remember. 
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Instructional design

In the early years of e-learning most e-learning applications where not more than page turners. Notes from the lecture, or parts from a book or presentation where made easily accessible for students by placing them on the internet. It appeared that this was not always effective and designers started to realize that the design of succesfull e-learning applications should be based on didactical learning theories and principles. E-learning can only be succesfull if designers can design effective and high-qualitiy e-learning. But even when a design is based on instructional design theories and extensive research, this does not guarantee a good e-learning design. In practice, many designers defend their unsuccesfull design with the argument that it is based on instructional design methods that have been proven to be succesfull. Although instructional design methods are no guarantee for success and sometimes intuitive designs can be much more powerfull and interesting, it is usefull to explore some instructional design methods.

Michael Allen describes instructional design as: “the process of arranging for learning to happen safely, certainly, thoroughly and expeditiously”. Of course, learning can also take place with no instructional design involved. We can learn a lot by our own experience. We learn that a radiator is hot by touching it and burning our hands. We can learn how to drive a car just by trying several times. But this learning can be dangerous, can take very long, and there may be things you will never find out without someone telling you. So we can use instructional design methods to make learning save, go faster and in the right direction. Especially in the information society that we live in today, there is more content to learn than ever before, instructional design can play an important role.
Learning is a personal process and we can not learn for someone else. The learner himself has to do it and the teacher and/or the computer can only help him in his learning process. There is also a risk in this helping. If we make learning allmost effortless, learners will not feel the joy of learning that comes from success and also later in their lives they will not be able to cope with an un-mapped, ever changing world.

Instructional design (ID) is about human thinking and human behaviour and can be a very creative process. There are no strict rules which you have to follow after which you will have a succesfull design. And it can be that a design fits all ID-models and is build according to a systematic approach but is still unsuccessfull. But still, some ID rules and principles can be of great support for designers. According to Allen we have four types of design: 

· Intuitive design: there are no rules for your design. Everything is done by the intuition of the designer. Sometimes it turns out great, but often not.

· Research based design: The design is based on results of research. An example of a research result is that printed text is picked up better than screen text. This form is difficult to apply and extrapolation and generalisation of research results can be risky. 

· Theory based design: didactical theories are used to explain research results and fill in the blanks left by research. Some important and commonly used theories are: behaviorism, cognitivism and constructivism.

· Success based design: mixture of a systematic and a pragmatic approach.
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Success based design is actually a combination of the other three design approaches. In this approach,  sometimes theory leads practice, and sometimes the reverse. The most important part of this approach is that the succesfull designer has to create behavioral changing experiences. Achieving behavioral change or changing behavioral patterns [2.7] through learning is not easy and therefore requires instruction. Especially in e-learning, learners might have to change their personal habits and behavior. E-learning can require different skills and a different discipline than the ‘normal’ way of learning.

Allen notes that many designers ‘are inside a box’. They are fully committed, are enthousiastic about the learning topic, are completely focused on the learning target and expect the same attitude from their learners. But learners are not in this box. In using e-learning they are also influenced by other things going on in their lives. In their work, designers should think about these influences such as prior experiences and expectations that learners might have. Therefore the design should not only be about the instruction itself, but it should consider three phases: 
pre-instruction, instruction and the performance phase.
A lot of instructional design is based on behaviorism but does not take account of the complexity of people and the difficulty in changing behavior. But why is behavioral change such a difficult process for people? First of all, people do not often feel that problems stem from their own behavior. But second, also the working of the human brain gives an explanation. Change costs high levels of energy in the brain. One of the parts of the brain that is active while changing is the prefrontal cortex. This part is easily stressed and overloaded. Another part is the amygdala which is associated with feelings of fear and agression. And in the defensive mode, the brain works to escape unfamiliar circumstances. This is one of the reasons why people fail to do the right things at the right times even when they know what they have to do. Designers can, before instruction, help learners avoid becoming fearful and defensive. This is very important because it determines the effectiveness of the entire learning cycle.

Foundations for designing instruction

Pre-instructional events prepare learners to truly benefit from the instruction to come later. It is more than just a list of learning-objectives. It should make the learner enthousiastic and should give information about the advantages of improved performance for the learner. Pre-instructional events should draw awareness to the behavioral changes that need to be made. They should raise learners consciousness and let them see that the changing can be fun, easy and rewarding. A part of the pre-instructional events can facilitate social liberation. Group discussion, informal learning and encouraging people to ask questions can make the learner less fearfull regarding their social environment. Pre-instructional events can also be used to engage emotions. When a learner is led by his emotions he is more likely to get moving. Some ideas to engage these emotions: set up competitive teams, use roleplaying, create a multimedia presentation with appealing videos or pictures.

Another role for pre-instructional events can be to foster the learners commitment. Before the instructional phase the learner should be ready and have enough confidence to learn. The learner should have no fears, should know that he can be succesfull and should be able to handle unexpected challenges. A way to foster commitment is to let learners rank the importance of learning outcomes and performance improvement against other concurrent goals.
In designing instruction it is important that your audience knows what behavior you want. A common reason for unsuccesfull performance is that learners do not know what behaviors are desired. The reasons for learners to behave like they do are mostly based on misconception, fears, lack of confidence or desire to fit and behave like everyone else. Therefore in designing instruction it is important to write objectives. These objectives can be used for different purposes: as a design tool, to communicate with learners, to evaluate the learners process and to evaluate the learning application. It is very important that this list of objectives is written and used properly and is usefull. In many e-learning applications the use of objectives is misunderstood. “The right way” to write objectives have produced very boring objectives and few learners bother to read a list of boring objectives before the actual learning starts. Good objectives are written from the learners perspective and are not necessarily written in text or in one sentence. The important thing is the impact that the objective makes on the learner. An objective can also be made clear by an example or a demonstration. There are two types of objectives: terminal objectives and enabling objectives. Enabling objectives are lower objectives which you have to reach before you can reach the final terminal objective.

The objectives play an important role in the rest of the design. The rest of the design can be considered to consist of four essential parts, which Allen calls the fabulous four: Context, Challenge, Activity and Feedback. These four parts should be designed in a way that increases the interactivity. In designing these parts, Michael Allen uses the three M’s: The design has to be Meaningful, Memorable and Motivational. 

Designing meaningfull events

In designing an e-learning application the designer should start in one of the components of ‘the fabulous four’. 
Meaningfull context:

Revealing a story can avoid a boring lecture format and can bring on some tension or humor. This often makes the content more memorable, but to reach this it is advisable to keep the number of contexts to a minimum. And the context should not just be a fancyfull diversion. Most of the time it is a mistake to use a methaphorical context which has no relation to the learners performance area.

Meaningfull challenge:

Considering interactive challenge we should forget about the order in which we usually have learners perform their learning tasks. We are used to apply the “tell and test” method, but it can be meaningfull and motivational to use “test and tell”. To have the right challengeing level for an individual learner it is important to make use of mixed initiative. With this method both the learner and the software can interfere in the learning process. So the software and the learner can both decide to slow down or to go back some exercises.

Meaningfull activities:

For activities to be meaningfull it is important that they match the objectives. In activities, e-learning can play a very important role. Visualisation is one thing that can help a lot in making activities meaningfull and memorable. An example is an exercise in which the learner has to put different actions in the right order. Of course you can just describe the actions in a sentence and let the learner write down the right order, but it is much more memorable to make pictures which visualize the actions, and let the learners move the items and put them in the right order. By moving the items you can create an image as you go and this makes it more memorable than typing numbers. 

In activities it is usefull for learners to be able to explore and experiment. In real life this can be very difficult, but the use of simulations or applets can really reduce the time and money needed for exploring and experimenting.

Meaningfull feedback:

In feedback we define two different types: extrinsic and intrinsic feedback. Examples of extrinsic feedback are: “Well done Floris!” or: “This is not the correct answer, try again!”.  This is an easy form of feedback but it is not effective. The learner gets the feedback from an other person and therefore the feedback includes judgement. A better form of feedback is intrinsic feedback. Intrinsic feedback can be seen as the information that the learner receives as a direct result of his actions. With this form the learner will be focused on succesfull performance, instead of winning improval. With intrinsic feedback the learner will see the consequences of his answer and can judge himself about the correctness of his answer. This form of feedback will be more effective and memorable for the learner. 

Designing memorable events

In many e-learning applications information is given to the learner, after which the learner is tested (tell and test). In this way, learners see their responsibility as doing well on tests. But, it is what happens afterwards that counts.  

Memorable context:

In designing a memorable context the designer should keep in mind that all learning starts with attention and perception. A way to attract this attention is to use a good story. Therefore techniques found in good storytelling can be of great interest to instructional designers. Humor and drama can be great intruments to catch the learners attention. Stories, especially when they end with a good punch or a problem the learner can solve now, are often a good handle for remembering. With e-learning the stories can be visualised using pictures, animations and video. This can be very spectacular and therefore also memorable. But the use of these memorable media is tricky too. They often do not take account of all the information that has to be processed by the learners. In this way the use of these media can be overwhelming: it goes too fast and the material is too complex to process that fast. An other pitfall is that the use of these media can be underwhelming: the learner thinks he has completely understood what he has seen, while this is not the case. Nevertheless the attention gathering power is great and these media can be of great instructional assistance. Timing is of great importance if these media are used. Therefore the designer has to use time driven events: They can serve the mind each time it is ready for a new bite. But learners differ in speed and this makes it impossible for designers to completely match learners timing needs. Therefore good e-learning applications give the learner speed and direction controls. In this way also some interactivity is introduced.

Memorable challenges:

The difficulty in designing memorable challenges is the difficulty rate of such a challenge. A challenge should be doable for a learner but it should not be too easy. It is not a problem if the learner fails the first time and therefore the designer should allow learners the opportunity to fail. A great advantage of e-learning is that there do not have to be great consequenses in failing a task. In e-learning learners can do things (in games for example) that are not possible in real life but where the consequences of their actions can be made visible. 

Demonstrations can also be helpfull in challenging learners, but they are tricky to. Learners need to practice and it is impossible to learn instantly and effortless. The ability to remember things depends mostly on two things: the frequency with which the exercise is recalled (practice) and the number of associations we have with it. So a memorable design should contain a lot of practice and should help learners to create a rich network of associations. In this way the learner can integrate new knowledge with an existing mental scheme (cognitivism).

Memorable activity:

Important in creating a memorable activity is that the interface of the e-learning application should not attract too much of the users attention. The learner should be focused on the activity itself. E-learning can really make a difference in designing memorable activity. As an example: Responses expressed through written words reflect different mental processes than those expressed visually. And responses expressed orally reflect different processes than those written. An e-learning design can maximize memorability by having learners express what they have learned through different modalities.

Another advantage of e-learning is that it does not lose patience.  

Memorable feedback:

Memorable feedback can be a way of informing learners what the consequences of their actions are. So memorable feedback is obviously intrinsic feedback. It is focused on action and result. Using e-learning the designer can imitate real-life situations and therefore it is much easier to give intrinsic feedback. Again, animations, pictures and sounds can be helpfull in this, but designers should be alert that learners do not only remember the animation, but also the message behind it. Some commercials for example can be very funny and therefore very memorable, but in a lot of cases the product for which the commercial is made is not remembered.

Designing motivational events

Since it is allmost impossible to teach learners who are completely unmotivated it is important that a design contains elements to heighten motivation. Motivation can focus learners, energizes learners and can increase learners involvement. In e-learning, it seems that especially games can play an important role in motivating learners.  

Motivational context:

E-learners are said to have the need for instant gratification. Therefore the first moments in the learning process are crucial. Already before the actual learning starts, the e-learner has to be convinced that it will be a valuable experience. That is one of the reasons why beginning with a boring list of objectives is not a good start. It is better to start with an appealing context or a complex situtation in which you build an anticipation of outcomes. People usually love to guess what is going to happen. 

Motivational challenge:

As said before, it is good to start the learning process with a challenge. This challenge should be doable, but also not too easy, otherwise it will not be a challenge. It is important that there is some risk involved, because risks make the learner alert. Of course this risk should not be too big, otherwise learners can start to panic. A big advantage of e-learning in this case is that it provides privacy. This makes failing a challenge less uncomfortable because no one has to know. An other advantage is that e-learning can easily modify a parameter in real time to increase or decrease the difficulty of a challenge. 

Even though e-learning can have big advantages for designing a good challenge, many e-learning applications fail. Many designs exhaust learners with lump exercises for which the difficulty level is only increasing. Therefore learners do not get enough practice for each difficulty level and do not have the opportunity to enjoy their learning effort. The use of games can change this situation. In games there can be a lot of practice and you can make the learner enjoy what he has learned before. This difference can be compared to driving up a hill with a bicycle as in the picture below:
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Motivational activity:

In many e-learning applications the activity for the learner only consists of clicking along. But the real world is more than just: “Click here, click there” and therefore e-learning should be. The design should make the learner perform multistep tasks. 

Motivational feedback:

Again, good motivational feedback is intrinsic feedback. E-learning gives the possibility to directly evaluate answers. But this is not allways a good thing to do. Many times it is better to delay judgement. 

A new type of feedback is the method of prescriptive outcomes. This method serves the learner harder or easier problems to solve according to his previous answers. An example of such a method is the Corrective Feedback Algorithm. This algorithm uses a list of problems which are served to the learner. When the learner solves a problem, the problem is put back in the end of the list. So after some other problems, the learner will meet te problem again. In total the learner has to solve every problem three times. After solving te problem three times the problem is taken out of the list and this problem is considered to be fully mastered by the learner. When a learner fails to solve a problem, the problem is put back in the list, not on the end, but somewhere in the middle. This way, the learner will meet the problem again after some other problems. When this problem is solved three times on a row, the problem will also be taken out of the list. Allen highly recommends this form of feedback.

Chapter 5: An e-book for numerical methods

The course of numerical methods at this moment

In this research we search for e-learning tools which can enrich the education of the course Numerical methods for differential equations. This course is given at many faculties (Mathematics, Mechanical Engineering and Aerospace Engineering for instance) at the Delft University of Technology. During this course all students work from a book which defines the exam material. The students attend weekly lectures in which the teacher explains the theory and sometimes solves some example problems. Students are not obligated to visit these lectures.

The core study-material of the course is the book that is used. As many other courses at the TU Delft also this course uses the electronic learning environment Blackboard. On the blackboard a lot of other study material can be found like: answers from the exercises in the book, short written summaries of the lectures, old exams with their answers and more general course information. This is how blacboard is mostly used for many courses in Delft. Besides Blackboard the course of numerical methods uses an external website. On this site students can find the same information as on Blackboard but also more. As an experiment with online lectures the students can view three short virtual lectures about stability, which are made in the lecture room using one camera and the blackboard. After viewing these lectures and studying the material in the book, the students are supposed to solve an exercise. The solution procedure is also posted online in a short video.

On this site students can also find more written information about the history of numerical methods and about disasters caused by numerical errors. This information can be found on the website itself or on external websites using external links.

An other part of the course is a MATLAB exercise which has to be done by the students. They have to solve a numerical problem in groups of two using the numerical methods they have learned. They can work on this assignment at home or in the computerlab. In this assignment the students practice and apply the theories they have learned during the lectures. They also learn how to implement these theories on a computer. The goal of this assignment is that students learn about the numerical methods, but also about the MATLAB software.
Why an e-book for numerical methods?
As can be read above, already some e-learning tools are integrated in the course of numerical methods. There is a small test with virtual lectures, some extra online study material and there is the MATLAB assignment. In this research we examine which other e-learning tools might be interesting to use in this course. The focus in the search for suitable e-learning tools will be on the fourth quadrant of our framework that we presented in chapter three. The tools in this quadrant can be used by the student at any place and at any time he or she wants. So there is interaction accros time and across distance. Some of the tools in this quadrant which are described in chapter three are already used within the course and it could be that many other tools in this quadrant can contribute to the course. Whether or not a tool can bring something extra to the course depends a lot on the content of the learning material. Because the content of the course is an important issue, and because many different e-learning tools might be interesting for this course, we chose to build up an e-book for the course of numerical methods. This e-book should contain the content of the paper book, but also all digitally available content. The main reason to choose for an e-book is that many other forms of e-learning can be integrated in one book. These other forms of e-learning techniques will not only bring practical, but also didactical advantages. 
The term e-book stands for electronic text book and can refer to many different types of digital books. The simplest version is just a digital version of a paper book in the form of a pdf-document. More extensive forms can include browsing tools, audio, video, applets and more. These books contain more than the content of the book and can be seen as complete websites about the subject. The e-book we want to develop in this research must be more than a digital version of the paper book. Besides the ones mentioned above, there are some more reasons to choose for an e-book. If we want to give students the possibility to study at any time, at any place they want, the course contents should be available at any place at any time. An e-book which is available on the internet makes the course contents accessible for anybody all over the world on any moment. 

An other reason to choose for an e-book lies in the strucutere of the information. Using an e-book, all information is structured according to the structure of the book. Not only the content of the book itself, but also all additional information. This might seem trivial, but it is much different than many Electronic Learning Environments that are widely used today. In these environments, the additional information is mostly structured according to the type of information (course documents, lecture notes, extra exercises, external links, applets etc.) whereas an e-book integrates all these different types and structures them according to the content of the course.  

An other important reason to choose for an e-book on the internet is that html makes it very easy to browse through information. Internet and other new techniques give us access to enormous amounts of information in many different forms. If the most important information for the course is all integrated in one e-book, html makes it very easy for the student to find the most valuable parts. 

Mathematics on the internet

In this project we want to make the content of the course avaiable at any place at any time by placing the whole content of the book on the internet. Naturally, the text of the book is already digitally avaible as a .pdf document and also as a teX file. So the easiest way to make it available for the students on the world wide web is to place it on internet, using Blackboard for example, as a pdf document. This is what is done in many courses: all available documents are placed on the electronic learning environment as different files with different extensions in different folders. In our e-book, we want to integrate all these different files and different e-learning techniques in one website. Therefore all information should fit in the html format. Using html makes it very easy to browse through the information and avoids the situation that students have to open many different programs to view the different parts of information. Opening many different programs and using many different formats makes it hard to overview the information and it takes a lot of effort for students to find and collect the right pieces that he or she needs.

Because we want to keep the browsing advantages of html, all text in the book should be placed in the html format. For text, tables, pictures and lay out this is easily done. But the book also contains many mathematical formulas. There are many different techniques to place mathematical formulas on the internet. The most familiar techniques are shortly outlined below. 

Html:

The most obvious way to produce mathematical formulas on the internet is to type all formulas by hand in html code. Many symbols and opperators can be made visible using html code. The advantage of this technique is that it is very fast. All formulas will be downloaded as normal html text. Disadvantage is that not all operators are available using only html, and many of them do not look very stylish. An other disadvantage is that it costs much time to implement all formulas in html code.  

MathML

An other technique to place mathematical formulas on the internet is the use of MathML. This technique is used in the Mumie project at the university of Berlin. Major avantages of this technique are that it is very fast and the formulas look quite good. Using this technique, the formulas can be made using Mathtype (for example) and can be converted to the MathML code using special software. 

A disadvantage of this technique is that the student needs additional software to be able to view the formulas. To view these formulas in your browser, you need Mathplayer (or a simular program). MathML is already supported by blackboard 6.[3.5] 

Formulas as a picture

This technique is widely used on the internet on mathematical websites such as Mathworld for example. Advantages are that it is very easy to implement in html when the formulas are already available as a picture, as pdf, or in a word document. An other advantage is that the formulas look very good (as good as the picture) and can be made using Latex or mathtype. The main disadvantge is that the use of many pictures can make a website very slow. Also the size of the pictures is always the same. When someone changes the adjustments of his or her browser this might cause problems. 

In the future, techniques like MathML will presumably be most widely used on the internet by mathematical websites. This technique is fast, the formulas look very good, and many browsers and electronic learning environments already support this technique. Therefore, in the future it will probably no longer be neccessary to download additional software to view the formulas. However, for this project we chose to use pictures to represent the formulas on the website. The main reason for this choice is the extent of this research. The formulas where already available as pictures and therefore this method was least time consuming. 

Another reason is that it would take investment time to learn about MathML and also to convert all formules from the book to MathML. MathML is a better way to provide formulas on the internet than using pictures, but this short research has an other focus. 

Structure and appearance of the e-book

As we wrote in the previous part, all information in the e-book will be structured according to the structure of the paper book and therefore also according to the order in which the study material is treated during the course lectures. If a student is looking for additional information concerning a specific topic, he or she can find the information very easily because it is ‘on the same spot’ as in the paper book. This is a large difference compared to most electronis learning environments, which tend to structure the information according to the type of information. The figure below shows the appearance and the structure of the website:
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In the two horizotal menu’s on top of the website the student can choose a chapter and a paragraph. The content of the selected paragraph will appear on the main screen. The menu on the left contains links to additional information, such as video’s, old exams, exercises and external links to important persons or subjects. Some of these links to extra information are also absorbed in the content of the paragraph which is displayed on the main screen. So while reading the book, the student will come across all this extra information and is able to reach it by clicking on the link which is intergrated in the text.   
Chapter 6: Screen recording
The e-book for numerical methods will contain more than just the content of the paper book. Much of the extra online material, such as old exams and exercises, is already available on the internet and can be found using Blackboard. In this research we also designed some new e-learning material using the technique of screen recording. We made some ‘video’s’ which explain parts of the course material and in which we give a solution method for some exercises. These screen recordings are typical techniques from the fourth quadrant: Techniques with which a student can learn at any place, on any time he or she wants.   
What is screen recording

In chapter three we shortly wrote about the technique of screen recording. This very ‘basic’ technique records all screen activity on your computer. Everything visible on the screen, like powerpoint presentations, video’s, applets and browsing through a website, can be recorded. Together with the screen also audio (voice or music) can be recorded. This technique is already widely used on the internet to make instruction video’s to learn about computer programs or programming languages. The TU in Delft already experimented with this technique, by making instruction video’s in which a solution method for a typical problem is presented. In this case, the technique was used in combination with a tablet PC. An important advantage of the technique of screen recording is that no large investments have to be made. All you need is simple screen recording software. 
Why should we use screen recording

Even though the computer, internet and other techniques really changed our lives, we still mostly learn mathematics form our books. Some decades ago these books only contained loads of text. Today, new techniques give us the opportunity to include pictures and (colourfull) graphics in our books. Why do we include these pictures? Because one picture can say more than a thousand words. Today, even more advanced techniques make it posspible to include video and audio in our books. So why not include video and audio in our books? In some cases, one video can say more than a thousand pictures. 

To show the use of screen recording, we place ourselves in the situation of a student:

We are at home, practising our mathematics, and are unable to solve a particular problem. We read back in our books, look for some example problems, but still we are not able to solve ours. We decide to attend the lectures. This clarifies a lot, but still we are not able to find the solution to our problem. So what do we do? We decide to ask the professor. We have to make an appointment and it takes some time until he can help us. When we visit him we display our question. And what does he do? Of course: he grabs a piece of paper, starts to write things down and starts to draw some pictures and graphics. In the meantime he talks, explains, asks questions, underlines some notes and points things out in his drawings.

All these activities of the professor could also be done on a computerscreen. And using the right software, the pictures and graphics could be even better looking on the screen than on the paper and the pictures can be movable and changeable to. All this, including the professors voice, could be recorded using a simple screen recorder. After recording, many adjustments could be made to improve the video or to emphasise certain phrases. After recording and editing, the video can be placed on the internet and any student will be able to watch it whenever he wants, wherever he wants and as many times he wants.
Interactivity

As we wrote in chapter four, using video can probably enliven and improve our education, but there are also some disadvantages and pitfalls that have to be avoided. One of these disadvantages is that a video often lacks interactivity. Especially in learning mathematics, a students learns best when he or she is active. Therefore, mathematics is best learned by practising and watching a video seems not a good way to learn mathematics. When we go back to the example of a professor explaining mathematics to a student, an important part of his activities is that he will probably ask the student a lot of questions. This can have several reasons. First of all, asking questions will focus the attention of the student: he will stay active. Secondly, asking these questions is a good way to test wether the student understands the explanation or not. According to the feedback of the student the professor can decide to go back a few steps or to skip parts of his explanation. Using the technique of screen recording several types of interaction can be added to a video. The right software gives the possibility to stop the video and ask the student a (multiple choice) question that has to be answered before the video proceeds. There are several way’s to give feedback to the answers of the student. The feedback can consist of a simple “correct” or “incorrect”, but can also be much more extensive. It is also possible to make the proceding of the video dependent on the students’ answer. In this way the video might go back a few steps or skip some next steps. 

An other pitfall of using video is that using a video in education can be overwhelming (too much information for the student in a short time) or underwhelming (the student thinks he fully understands, but this is not the case). Adding questions to the video can certainly reduce the effect of underwhelming. An other technique to reduce these effects is to add speed control buttons with which the student can control the speed of the video. When something is going to fast for the student, he has to be able to rewind the video. An other possibility is that several buttons are added to the video, which can redirect the student to an extra part of instruction or to an other video which explains this part of course more elaborately.

Screen recording versus recording a lecture

At first sight, the techique of screen recording might seem allmost the same as the technique of recording a lecture, which is already widely done on universities in the United States (appendix C) and also at the TU Delft. Even though both techniques record the activities of the professor who explains the study material, there are some large differences between the two techniques.  

One difference between the two is that with the technique of recording a lecture we see the teacher on our screen. The presence of the teacher certainly gives a more lively view and probably focusses attention. The question remains if this is really an important part of the video. The students will probably focus their attention on his writings on the blackboard or the powerpoint sheets. And even if the presence of the teacher is an important part of the video, using a simple webcam, the teacher can also be added to our screen recording.
An other large difference between the two techniques lies in the investment costs that have to be done to implement the technique into a course. Compared to recording lectures, the technique of screen recording is rather cheap. When a solution method is presented in a classroom and this has to be recorded, this will take at least some camera’s and someone to direct them. This is neccessary because not only the teacher, but especially his writings on the blackboard should be clearly visible on the screen. Therefore some universities invest enormous amounts of money in lecture rooms which are fully prepared with many camera’s and even editing rooms. All these camera’s and editing will be needed because all writings of the professor have to be clearly visible. Using screen recording, the same solution method could be recorded, only using simple screen recording software. Because the recording is made on a computer, all writings can be made clearly visible very easily. Good screen recording software will also give great opportunities to edit the video afterwards and to cut out some non-interesting parts. 
A third difference between the two techniques lies in the length and the focus of the video. A recording of a whole lecture can probably take quite long and can be very elaborative. Many different subjects could be treated in one lecture. When a student has a question about one small partical part of the course he will probably not be interested to watch the whole lecture again. As we saw in chapter two, today’s student is looking for an instant pay-off. The technique of screen recording makes it possible and cheap to make very short videos about one specific topic. Therefore the technique of screen recording can very well be combined with the traditional way of attending lectures. Contrary to recorded lectures, screen recordings can not be used as a substitution of the lectures, but more as an addition.  
The level of interactivity can be another difference between the two techniques. Of course, in a lecture room there is much more interaction between students and teacher than in a video. But when the lecture is recorded and the student is watching it on his own at home, there is allmost no interaction. In this way, it will be hard for the student to stay active during the presentation of explanation. Using screen recording techniques, and using the right software, it is very easy to add some forms of interaction to the video.     
Camtasia Studio
On the internet, many different screen recording programs are available. The largest differences between the several programs lie in the quality of the produced video, the possibilities to edit the video after recording and the possibilities to add additional quizes, questions and other forms of interaction to the video. For this project, we choose to use Camtasia Studio 5. This program is very easy to use and it has a powerpoint plug in. After recording, there are many possibilities to edit the recording: zooming in or out on important parts, underlining or enlightning parts, edit audio etc. This editing is made quite simple for the user. Also, the video can be exported to many different formats (internet, i-pod).

But the main reason for this choice is that Camtasia offers several possibilities to make the video interactive. First of all there is a possibility to add quizes or questions to the video that have to be answered before the video proceeds. An other feature is the flash hotspot. With this tool, a part of the video (a button, a picture, a point or anything) can be made clickable by the user. By clicking on this hotspot several actions can be accomplished. The viewer can be redirected to an other video, a website, or an other part of the video that he or she is watching. So the viewer can skip in time. An other possible action of the flash hotspot is that the video stops, until the viewer clicks on the hotspot. All these actions can make a video much more interactive.
Chapter 7: Testing the website
After our search for suitable e-learning techniques for the Numerical Methods course, we decided to make an e-book. This e-book gives us the opportunity to add many different types of e-learning techniques and to structure them according to the content of the book and the course. In this e-book we included material that was already available on the net, and we also made some additional material using screen recording techniques. This will make the e-book a useful tool for the students to use in combination with the traditional lectures. This e-book will be ideal for blended learning. The purpose of this book is not to replace the oral lectures and the paper book, but it should be an addition to the course which helps students to study in their own time. The e-book we build can be found on www.nicovanwijngaarden.nl    
Questioning students

Because of the extent of this course, we decided to include only one chapter of the paper book in our e-book. The chapter that we included is about interpolation and contains seven paragraphs, including some exercises. The text and formulas are literally copied to the website. As extra’s we added some links to additional information (about Lagrange interpolation,  interpolation with splines etc), some extra exercises with solution methods, some old exams, and of course our screen recordings. 
To test the usefulness of the website we asked some students who followed the course of Numerical Methods to visit the website, take a look at the different parts of the website, and to fill in an online questionnaire. This questionnaire can be found in appendix A of this report.  We asked the students 11 questions about different aspects of the website: structure and appearance, the videos and the total package. Most important thing that we want to know is: Will this e-book be helpful for students to study the subject material. Therefore important questions in the questionnaire are: Do you think you will use this website while studying? And if yes, what parts of the website will you use? 
In the oral lecture on 26 November 2008 we shortly informed the students about our research and the resulting website. After a short demonstration of the website the students where asked to have a closer look at the website in their spare time and to fill in the online questionnaire.  
Results of the survey

A total of 21 students had a closer look on the website and filled in the questionnaire. The exact (graphical) results of this questionnaire are added to this report in Appendix B. In this chapter we will shortly discus the most important results concerning the four aspects we wanted to examine and the subjects that the students introduced in the last question. 
Structure and appearance:

The first question in the questionnaire was about the structure of the website. Because we structured the website according to the structure of the book, which is much different than the structure of many electronic learning environments, this is an important aspect of the website. In the results we see that most students take the view that this structure is not only logical, but also very clear on the website.

The second question about the navigation shows us almost the same results. Because today’s students are looking for an instant pay-off it is of great importance that he or she is able to find the right information very fast. According to the results the students could navigate easily through all information on the website. It has to be noted that only one chapter of the book is made available online. Therefore it might be easy to find the right pieces of information.
Also the appearance of the website is very logical and clear according to the results on the third question. 

Videos:

The screen recordings are an important part of the website. This self made material is new for the teacher and also for the students and it could really change their way of learning. Therefore a big part of the questionnaire is about these videos and we asked the students to specifically take a look at these screen recordings. As we can see in the next figures, many students share the opinion that such videos could surely be helpful, when they are not able to complete an exercise all by themselves. In the second figure we see that a large majority of the students think that the videos will truly help understanding the subject material. The third figure is about the length of the videos. We see that there is no student who thinks that the videos are a lot too long or too short. But, more students seem to say that the videos can better be a bit shorter than longer. 
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An other interesting outcome of the questionnaire about the use of the videos appears in the last two questions. In question ten we ask the students if they think they will use (parts of) this website while studying. The answers on this question can be seen in the figure below. We see that many students think that they will use this website during their studies. In the next open question we ask the students which parts of the site they will use. More than 80% of the students answer that he or she will make use of the videos that are available.  
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‘The total package’:

The last questions are about the website as a whole. Question eight is as follows: Does the website add something extra in comparison to the book? We see in the second figure above that a majority of the students think that the website really adds something extra. After this question we asked the students: If the website contains all the content of the book, can the book for you be fully replaced by the website? In the third figure we see that there is much more dissension between the students concerning this question.

What can be improved?

In the last question of the questionnaire we asked the students how the website could be improved. Many students answered this question and all reactions on this part can be found in appendix B. We see in these results that some students ask for more additional information which is not already in the book. One student even states that it is useless to copy the information from the book literally to the website. An other point of attention is the presentation of the formulas on the website. Some students state that the formulas look blurred. 

Other constructive comments are about the lay-out. A student states that it should be useful to use colours in the menu above, which make it easier to see which part of the book you are at. The same student also suggests to use blocks and colours in the mainframe to structure the information of the book (definitions, proofs, exercises, examples etc). Another constructive suggestion from an other student is that a forum could be added to the website, in which students can ask questions to each other or the teacher. 

Conclusions and recommendations
We see in the results that most students are quite positive about the website as a whole and also about the videos. A great majority of the students think that they will really use the videos and that the videos will contribute to better understanding of the study material. Some students even state that they hope that more videos will be posted soon. The students seem very enthusiastic about the site and the videos, but some short remarks about these positive results have to be made. First of all, the students voluntarily visited the website and filled in the questionnaire. So it might be, that the students who visited the website, are already very enthusiastic about forms of e-learning and stand open for new ways of educating. So it is true that almost every student who filled in the questionnaire is very positive about the website, but that does not mean that this will be the case for the students who did not fill in the questionnaire. Another remark that has to be made is that the students think that they will use the website and the videos. And the students think that the videos will really be helpful while studying. What should be investigated is if the video’s will actually improve their results. So in the ideal research the students should really work with the online material and give their opinion afterwards. Also the exam results could be included in such a research. Unfortunately, to do such a research, more chapters should be available online and more students should use the online material over a long time. Such a research will consume more time than we have available. 

Even though more extensive research will be needed to state whether or not this e-book and these screen recordings can really contribute to better education, the feedback of the students in this short questionnaire gives a very positive view on the use of an e-book and especially on the use of screen recordings. The fact that almost all students state that they will use these recordings and that the recordings really help to understand the material makes us even more enthusiastic about the technique of screen recording and encourages further research. 

An other remarkable result is that about half of the students who filled in the questionnaire think that the website could fully replace the paper book. About the other half thinks that even when all information from the book is available online, the website could never fully replace the book. We have to make the remark that the website is not purposed to replace the book. It is mentioned as an addition to the paper book and the oral lectures, as blended learning. Therefore the question remains if it is really necessary that all content of the book should be available on the website. For the students who use the website as a supplement, maybe only the additional information (structured according to the content of the book) could be enough. For the students who want to use the website as a substitution for the paper book, of course all content of the book should be made available on the website.       

Chapter 8: Discussion
In this research I described many forms of e-learning, advantages and disadvantages, and several e-learning design methods. In the last part I designed some e-learning myself and I tested this on some students. All this has given me a better insight in the possibilities how to use the computer in our educational system, but it also changed my opinion about this use. In this chapter I will shortly describe my own opinion and also the opinion of others about the use of the computer in our education. My opinion is not only based on my findings in this research, but also highly on my experiences as a teacher in secondary education and my experiences as a student at TU Delft. 

Why e-learning?

At the beginning of this research I, as many other teachers, was quite sceptic about the introduction of e-learning in our education. Why should we use the computer? Is our education as it is now not good enough? The teacher can never be replaced by a computer! There where probably several reasons for this thought. One of the reasons was maybe that I was not aware of all the possibilities of e-learning. Another reason is that I am convinced that in learning, interaction with students and teachers is a must. Also the (ab)use of Blackboard in some courses which I followed as a student did not make me more enthusiastic about e-learning. 
The literature studies and the rest of my research gave me a better insight in the advantages and the possibilities that e-learning could bring. If we for example compare school-books of the 1960’s with school-books nowadays the difference is huge. New techniques made it possible to fill books nowadays with schemes, pictures and images. We include these pictures in our books because one picture can say more than a thousand words. The same reasoning can be made for many e-learning applications. Audio and video tools can really say more than words or pictures and will (sometimes) be better remembered. New techniques can also increase the level of interaction and can improve feedback. So why should we not use all these new techniques?
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Besides these technical and didactical advantages of e-learning, chapter one of this report describes another reason to introduce this new learning tools: the student changed. As professor Veen, I also think that the student of today is different than before. But I do not think that the student changed that much as he suggests. I also doubt if all these new skills of the so called “Homo zappien” will really be useful for studying. If we consider multitasking I tend to believe the picture beside [2.3], which argues the fact that this is a useful new skill that is mastered by the new students. 

Although I question some arguments of professor Veen, from my own experience as a student, but also as a teacher, I see that there is a gap between the students and the teacher in the use of media and the computer. And I really think the student did/does change by the use of the computer, internet, television and especially games. The question remains if our education should adjust to these changes, or that the students should adjust to our education. 

Overseeing the didactical and also the practical (long distance learning) advances that e-learning can bring, I think it can really make a contribution to our education. But I am convinced that it can only be a supplement or an addition to our current education. Especially in primary and secondary education human interaction, upbringing and contact with other cultures is a task of the school that should never be overlooked and can not be replaced by e-learning. But also in higher education, human contact with teachers and other students is crucial to avoid feelings of loneliness and can be very inspiring and motivating. Therefore, blended learning seems to be the best solution. Only for some students, working students for example, e-learning can be a solution for which no human interaction has to be involved.

Why is it not widely used?

If e-learning can bring so many didactical and practical advantages and all techniques are already available, why are all these new techniques not widely used already? I think one of the reasons is that teachers do not know what the possibilities of e-learning can be. This is caused by the fact that teachers in secondary school (my own experience) but also teachers in higher education do not get enough time to get familiar with all different possibilities and to learn about the techniques. So for the teachers, knowledge of the techniques is missing. At the same time, for the technicians and the “e-learning promoters”, knowledge about didactics is missing. So there is a huge gap between e-learning promoters and teachers. To develop good new e-learning material this gap has to be closed. The teacher needs to invest time and energy in producing completely new educational material. This time should be made available for the teacher by institutional leaders.  

In introducing all this e-learning in our education, people must be aware that the use of e-learning methods should not be a goal itself. It should only be used to reach our educational goals. And the teacher is the expert in how the educational goals have to be reached. He or she is the one with experience and knowledge about didactics, so he can decide what is the best way to teach his students. Therefore, e-learning methods have to be introduced from the bottom up, and not from the top-down. I think that teachers decry managers who teach them how to fill in there lessons. This is often described as resistance to innovation, but that is not the case as we can read in the citation below from a Policy Paper of the European ODL Liaison Committee [2.6]:
“The ways to promote top-down innovation initiatives are not always “user friendly”,and the implementation models seldom allow people on the front-line – typically teachers and trainers – to take the necessary time and knowledge to become owners of the innovation proposed. That is usually stigmatised as “resistance to innovation” but is frequently a well-founded resistance to “unconvincing innovation”, plans that do not match, nor negotiate with the visions of the world of the interested stakeholders. Institutional leadership should create top-down the necessary conditions for fruitful bottom-up initiatives.”

Although I do not think that the teacher is resisting innovation, I still believe some teachers might ‘fear’ the introduction of the computer in our education. But if we really want e-learning to form a substantial part of our education, the teachers will have to establish this. Therefore, the teachers, and so am I, have to be convinced that e-learning can really contribute to better education and they should get time to develop new material and learn about the techniques. 

Chapter 9: Conclusions and recommendations

The goal of this research was to find e-learning methods that can contribute to the education of the Numerical Methods course. In this search we came across many different e-learning techniques that could be useful to learn mathematics. In the literature studies we saw that many of these techniques can bring didactical advantages, besides the practical advantages which improve the organisation and communication within a course. In our search we focussed on e-learning methods which can be used by the student at any time and at any place he or she wants, and which will bring not only practical, but also didactical advantages. Because we are convinced that many different e-learning techniques could be useful, and because the usability of these techniques depends on the content of the course we started by making an e-book. In this e-book all information is structured according to the content of the course and many e-learning techniques can be combined. This gives the opportunity to add many different types of e-learning tools, dependent on the course material and to combine this with the traditional forms of education: blended learning. 

As a first start, the material that was already available in digital form was added to the e-book. Secondly we made some screen recordings in which exercises or a part of the theory is explained. The reactions of the students, who gave their feedback about the website by filling in a questionnaire, where very positive. A majority of them said that they would use such a website while studying. Most of them answered that they would mainly make use of the videos, which are according to their opinion, usefull as a help by making exercises and helpfull to understand the course material. This results of the questionnaire made us more enthousiastic about the technique of screen recording and strengthened our opinion that screen recording can indeed contribute to the course.

An other conclusion that can be drawn from this research is that for an uninitiated one, who is not familiar with computer- and internet-techniques, it costs a lot of investment time to learn about this techniques and to be able to do something usefull with it. A great part of this research was spend on learning how to build a usefull website (learning about html and php) and learning how to make the videos. And while we where getting more familiar with these techniques, more and more we began to see the possibilities that these techniques can bring. If we look at the videos for example, they could be made much more interactive. But considering the extent of this research, we simply did not have time to learn more about the technique and build more advanced and interactive videos. The fact that for an uninitiated one it costs so much investment time probably prevents teachers from working with these new techniques. The people who know a lot about the didactics are mostly unfamiliar with the possibilities and the techniques of e-learning. While the technicians and e-learning promoters are not familiar with the didactics of all the different courses and therefore are not able to convince teachers of the usability of their tools. 
Considering these conclusions we recommend that within the course of numerical methods, someone is engaged with time to make all the content of the book digitally available. Not by posting a pdf document on the internet, but in the form of the e-book that we build, or for example in the form of the MUMIE project of The Technical University of Berlin [4.11]. These structures and the browsing technique of html provide the possibility to add many other forms of e-learning. Considering the results of our questionnaire, screen recording is certainly a form that should be added. To add more advanced and interactive screen recordings, time should be invested to learn about the technique and the Camtasia software. Also, to improve the readability and appearance of the e-book, it is recommended to use the technique of MathML to implement the formulas of the book. 

The amount of time that it will take to reallize all this is heavily dependent on the capabilities of the people who will work on it. It is recommended that some-one with a lot of knowledge about the techniques (html, php, MathML etc.) will be engaged to make all existing material available online (the technician). To make an e-book out of the paper-book, with the structure already available in the form of our e-book, will only take about a week for him or her. At the same time, it is recommended that someone with a lot of knowledge about the didactics (the teacher) is engaged to develop new online material, such as screen recordings. The technician therefore should, in co-operation with the teacher, make the e-book suitable for the teacher to add his new material. The teacher on his turn should invest some time in learning the technique to make this new material (learn about the camtasia software) and to implement it into the e-book. 
At the end of this research we are convinced that computer techniques can and will be very usefull in our education. Not only the practical advantages that electronic learning environments bring us already, but also the didactical advantages will be used in the future. These new techniques should always be combined with the traditional forms of learning. Because human contact and interaction is an essential part in our education, blended learning seems the ideal solution. To create fruitfull bottom-up initiatives, the necesarry conditions should be created top-down.        
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2. Brusilovsky, Peter, Knowledge Tree: A distributed Architecture for Adaptive E-Learning, University of Pittsbourgh, May 2004 (available online at: http://www.ask4research.info/Uploads/Files/Citations/1086193811.pdf)
3. Arja Veerman en Paul Kirschner, Het misverstand multitasken, 2007 (available online at: http://www.omtrendadvies.nl/Het%20Misverstand%20Multitasking%20-%20Veerman&Kirschner.pdf)
4. Prensky, Marc, Digital Natives, Digital immigrants, NCB University Press, Vol. 9 No. 5, October 2001
5. Mergel, Brenda, Instructional Design & learning theory, University of Saskatchewan, 1998, graduate student paper (available online at: http://www.usask.ca/education/coursework/802papers/mergel/brenda.htm
6. Ulrich Bernath & Albert Sangrà, Research on Competence Development in Online Distance Education and E-Learning, Selected Papers from the 4th EDEN Research Workshop in Castelldefels/Spain,October, 25-28, 2006, BIS-Verlag der Carl von Ossietzky Universität Oldenburg.

7. James O. Prochaska and John C. Norcross, Stages of Change, Psychotherapy, 38, (4) 2001, pages 443-448 (available online at: http://66.102.1.104/scholar?hl=nl&lr=&q=cache:WHCmTpKYcVAJ:www.addiction.umd.edu/classlinks/Prochaska.pdf+Psychotherapy+38+2001)
3.
Websites with literature about education and e-learning

1.  Definitions



http://www.wikipedia.org

2.  Definitions



http://www.funderstanding.com

3.  Presentation prof. W. Veen:

http://collegerama.tudelft.nl 

4.  E-learning TU Delft 

www.lr.tudelft.nl/e-learning

5.
MathML



http://www.dessci.com/en/ 

6.
 General information/examples
http://www.e-learning.nl

7.
 Articles and examples

http://www.elearning.surf.nl


8.
 Ex. of ICT in Dutch education
http://www.digitaledidactiek.nl

9.  European e-learning network
http://www.eden-online.org

4.
Websites with examples of e-learning:

1. Online lectures:


TU Delft:



http://collegerama.tudelft.nl

Numerical methods:


http://ta.twi.tudelft.nl/nw/users/

vuik/wi3097/wi3097CT_eng.html

2. Adaptive textbooks:


Activmath :



www.activemath.org

Digitale Universiteit :

http://demo.schakelbw.nl/course/view.php?id=2

Online learning method Ratio :
http://www.ratio.ru.nl/

3. (Interactive) Applets:


Freudenthal instituut :

http://www.fi.uu.nl/wisweb/

Primary school (Nick van Dam):
www.e-learningforkids.org
Online learning method Ratio:
http://www.ratio.ru.nl/

4.
Weblogs: 


TU Delft:



http://weblog.tudelft.nl


Blog about ICT in education:
http://www.gorissen.info/Pierre/


Blog used in learning process:
http://blog.mathemagenic.com/

5.
Whiteboards:


Demonstratie :  


http://humanmathers.wikidot.com/







het-interactief-whiteboard

6.
Video conferencing :


Many different examples :

http://www.videocommunicatie.info/html/video_s.html

7.
Games:


Platform games in education:
http://www.games2learn.nl/wiki/Categorie:Games

8.
Screen recording:


Demonstration Instant Demo:
http://www.instant-demo.com/tutorials/demo.htm


Demo’s Camtasia Studio

www.camtasia.com
9.
Wiki’s


The most famous wiki:

http://en.wikipedia.org/wiki/Main_Page


Examples of wiki’s in education:
http://wiki.kennisnet.nl/projecten

10. Information on ELO’s:

http://www.excelo.nl/

11. Combination of tools TU Berlin
http://japs.mumie.net (login: guest, password: guest)

Appendix A: Questionnaire (in Dutch)
	Vragenlijst over website Numerieke Methoden

Welkom bij deze vragenlijst. Alvast bedankt dat u de moeite heeft genomen om mijn website te bekijken en te beoordelen. Deze vragenlijst bevat slechts twaalf vragen, waarvan de laatsten open vragen zijn. Het wordt door mij zeer gewaardeerd als u uw mening over de website wilt geven. 


	  1. 
	  
	Vul hier uw studienummer in. 
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	   2. 
	  
	Lay-out en structuur 

	  
	  
	 

 logisch
onlogisch 
 

 duidelijk
onduidelijk 
Wat vindt u van de indeling van de website?  
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	   3. 
	  
	Lay-out en structuur 

	  
	  
	 

 goed navigeren
slecht navigeren 

Kunt u eenvoudig navigeren over de website?  
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	   4. 
	  
	Vormgeving 

	  
	  
	 

 logisch 
onlogisch 
 

 duidelijk
onduidelijk 

Wat vindt u van de vormgeving van de website?  
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	   5. 
	  
	Video's 

	  
	  
	 

 zeker
zeker niet 

Als u niet uit een opgave komt, kan een video-uitleg u dan helpen?  
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	   6. 
	  
	Video's 

	  
	  
	 

 draagt zeker bij
draagt niets bij 

Dragen de video's bij aan het begrip van de stof?  
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	   7. 
	  
	Video's 

	  
	  
	 

 te kort
te lang 

Wat vindt u over het algemeen van de lengte van de video's?  
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	   8. 
	  
	Totaal 

	  
	  
	 

 voegt veel toe
voegt niets toe 

Voegt de website voor u iets toe ten opzichte van het boek?  
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	   9. 
	  
	Totaal 

	  
	  
	 

 zeker wel
absoluut niet 

Als de gehele inhoud van het boek op de website te vinden is, kan de website het boek voor u dan vervangen?  
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	   10. 
	  
	Totaal 

	  
	  
	 

 heel veel
nooit 

Denkt u dat u (onderdelen van) een dergelijke website bij het studeren zal gaan gebruiken?  
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	   11. 
	  
	Als u op de vorige vraag positief heeft geantwoord: welke onderdelen van de website zal u dan gaan gebruiken? 
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	   12. 
	  
	Wat kan er volgens u aan de website verbeterd worden? 
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Appendix B: Results (in Dutch)
[image: image96.emf]Vraag 4

0

5

10

15

20

duidelijk onduidelijk

Wat vindt u van de vormgeving van de website?

Vraag 2: Lay out en structuur

Wat vindt u van de indeling van de website?

	logisch
	 
	 
	onlogisch

	15
	6
	0
	0

	
	
	
	

	duidelijk
	 
	 
	onduidelijk

	18
	3
	0
	0
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0
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10
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20

zeker zeker niet

Kan een video je helpen bij het maken van een 

opgave?
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0

5

10

15

20

draagt

zeker bij

draagt

niets bij

Dragen de videos bij aan het begrip van de stof?


Vraag 3: Lay out en structuur

Kunt u eenvoudig navigeren over de website?

	goed navigeren
	 
	 
	slecht navigeren

	13
	7
	0
	0
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0

5

10

15

20

te kort te lang

Wat vindt u van de lengte van de videos?


Vraag 4: Vormgeving

Wat vindt u van de vormgeving van de website?

	logisch
	 
	 
	onlogisch

	13
	8
	0
	0

	
	
	
	

	duidelijk
	 
	 
	onduidelijk

	14
	7
	0
	0
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0

5

10

15

20

voegt veel

toe

voegt

niets toe

Voegt de website voor u iets toe ten opzichte 

van het boek?


___________________________________________________________________________
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0

5

10

15

20

zeker wel absoluut

niet

Kan de website het boek vervangen?

Vraag 5: Video’s

Als u niet uit een opgave komt, kan een video- 

uitleg u dan helpen?

	zeker
	 
	 
	zeker niet

	15
	6
	0
	0


Vraag 6: Video’s
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0

5

10

15

20

heel veel nooit

Gaat u (onderdelen van) de website bij het 

studeren gebruiken?


Dragen de video’s bij aan het begrip van de stof?

	draagt zeker bij
	 
	 
	draagt niets bij

	17
	4
	0
	0
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0

5

10

15

20

a lot never

Will you be using (parts of) the website while 

studying?

Vraag 7: Video’s

Wat vindt u over het algemeen van de lengte 

van de video’s?

	te kort
	 
	 
	te lang

	0
	8
	13
	0
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0

5

10

15

20

certainly certainly

not

Can a video be helpfull in making an exercise?

Vraag 8: Totaal

Voegt de website voor u iets toe ten opzichte

van het boek?

	voegt veel toe
	 
	 
	voegt niets toe

	7
	12
	2
	0


___________________________________________________________________________
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0

5

10

15

20

certainly certainly

not

Do the videos help you understand the subject 

material?

Vraag 9: Totaal

Als de gehele inhoud van het boek op de website 

te vinden is, kan de website het boek voor u dan

vervangen?

	zeker wel
	 
	 
	absoluut niet

	5
	6
	7
	3
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0

5

10

15

20

too short too long

What do you think of the length of the videos?


Vraag 10: Totaal

Denkt u dat u (onderdelen van) een dergelijke

website bij het studeren zal gaan gebruiken?

	heel veel
	 
	 
	nooit

	6
	12
	3
	0


(open) Vraag 11: Totaal

	
	
	aantal

	video's
	
	17

	oude tentamens
	1

	"uitleg"
	
	4

	links naar extra info
	1

	uitwerkingen
	
	2


Als u op de vorige vraag positief heeft geantwoord, 

welke onderdelen van de website zal u dan gaan 

gebruiken?

(open) Vraag 12: Totaal

Wat kan er volgens u aan de website verbeterd worden?

	totaal 14 reacties:
	
	
	
	
	
	

	Meer verduidelijkende informatie buiten het boek om, de site is een exacte kopie van het boek
	2

	De netheid van formules
	
	
	
	
	
	3

	Niets
	
	
	
	
	
	
	3

	Meer hoofdstukken
	
	
	
	
	
	2

	Lay-out (menubalken aanpassen, en kleuren gebruiken bij definities, meer in blokken werken)
	2

	Meer opgaven uitwerken
	
	
	
	
	
	1

	Forum toevoegen waar je vragen kunt stellen
	
	
	
	
	1


Appendix C: Recording Lectures
On november the 9th I had a short interview with mr. van Horssen who works at the faculty of applied mathematics in Delft and participated in the EDGE program at the University of Washington. In this appendix I give a short report about the EDGE program and the experiences of mr. van Horssen.

The EDGE program:

Education at a Distance for Growth and Excellence (EDGE) is the distance learning program in the college of engineering at the University of Washington. The goal of this programm is described on their website:

“Our primary mission is to meet the lifelong learning needs of practicing engineers by providing access to select on-campus courses. Through EDGE, individuals can earn a master's degree or simply take courses that meet their interests.”

To achieve this mission all lectures of the courses are recorded and broadcasted live via the internet and over cable television. In this way people all over the world will be able to follow the lecture. The lectures are also placed on the internet so you can watch the lecture any time you want. So this is a combination of synchronous and a-synchronous use of video. 

To facilitate all this there is a special building with six classrooms with several cameras to follow the teacher and to film the whiteboard. In an other room there is a director, who can manage the cameras at a distance. 

Because there are many lectures in a week there are special rules for the teacher to follow. The teacher must strictly start and end his lecture in time, all materials must be within the frame of the camera and the writing should not go too fast and should be large enough. Also the whiteboards are divided into 4 parts, each with its own camera.

Allmost everything is done for the teacher, so except that the teacher has to take in account for some rules nothing is different in comparison to ‘normal’ lectures.

Experiences of W. van Horssen:

Mr. Van Horssen gave the course “Partial differential equations” in spring 2007. His lectures were recorded and live broadcasted via the internet. So not only students from Washington participated in the course, but also students from other parts of the United States, a student from Utrecht, and even a student from Japan. These students are called the EDGE-students. Among the EDGE-students were many people working in industry. In this course there were some students who worked for Boeing for example. The reason why these students could not follow the lecture in real-life is because of the distance, or because of their job obligations. Practically all students who had the abbility to come to the lecture did this, because this was the best opportunity to pose questions. Only when the ‘normal’ students were sick, or they needed some repetition, they used the online lectures. 

Exercises and examinations that had to be handed in where written by hand by the students. The EDGE-students had to send this back by post. Each EDGE-student had a confidant at his school or company who was responsible for the examination to be made according to the rules. 

Is this something to start in Delft?

Especially for people with a job who still want to train themselves, by completing a master for example, this is a good alternative. So this can also be an opportunity for the Technical University of Delft to get more in touch with companies and industry. In this way companies will get more involved in Delft and vice versa.

For the regular students it can be very usefull when they are sick or for an other reason not able to attend the lecture. At the University of Washington practically all students who had the ability to attend the lecture did so. So the lecture being recorded was not a reason for the student to stay home. Here the notion must be made that the students at the University of Washington are probably a bit more fanatic then the students in Delft because high grades are very important for the rest of their studies and career.
Appendix D: E-learning at Aerospace Engineering in Delft

Recently the faculty of Aerospace Engineering at the Delft University of Technology started the E-learning Innovation Programm. The purpose of this program is to use e-learning methods to increase the student progression rate, create a student self-study platform and consolidate existing e-learning knowledge. They want teachers to take up the leading role in reaching these goals, because the teacher knows best how these e-learning methods can be used to help students in their learning process. This is the so-called bottom-up approach and is different from the approach where education scientists try to convince teachers to use didactic E-manners. On Friday 2 november 2007 I had an interview with mr. Stefaan Ghijss, the project coördinator of the E-learning Innovation Program. This appendix gives a short summary of the interview:

Can you give some examples of the use of e-learning technologies in Delft?

We have selected five different courses that act as a test-bed. In these courses different pilots will be tested. We try to implement exisiting e-learning technologies in these courses. Three courses, Aircraft Performance I, Applied Mechanics and Aerodynamics B did already make use of some e-learning techniques.

Digital assessments:

An example is the use of digital assessments. Blackboard offers the teacher a wide range of formats to set up digital assessments. You can use multiple choice questions, but also essay questions or let students calculate formulas. These digital assessments have been used in the course Aerospace Law. The students could use these assessments as a learning tool but also as a self test. We can see that before the exam, many students used the assessments to test themselves. One of the advantages of the use in this course was that students worked more accurate and the teacher needed less time to correct the exercises. Another advantage is that Blackboard makes it easier for the teacher to give efficient feedback. This was a succesfull use of e-learning in a course.

Collegerama:

A second example of the use of e-learning tools in Delft is the use of Collegerama. During the lecture, not only the teacher and the blackboard is filmed, but also his powerpoint slides are recorded. After the lecture all material is posted on the internet such that the students can review the whole presentation, including the powerpoint slides. Some teachers are reserved to use this technology because they think many students will not come to the lecture anymore. In the courses where this method is already used, we saw that the students where still visiting the lecture, because they know that at home they will miss the interaction. But still, a lot of students where positive about this method, because of the possibility of reviewing the lecture at home.

Screen recording:

A third example is the use of screen recording. This technology, using a tablet PC, was used in the course Aerodynamics. The screen recording was used as a tool to present complicated solution procedures. The teacher solves a difficult problem on his tablet PC, using just a pen and a sheet on which a picture of the problem is visible. All his writing but also his voice is recorded. These recordings where made available on the internet using collegerama. To maintain the interactivity, the same solution procedures where presented during the lecture. The students where very enthousiastic about this e-learning tool. The recordings where made using Camtasia software. With this programm the teacher can easily record screen activity and audio and large investments are avoided. Only the tablet PC is quite expensive.

Is the bottom up approach really working? So, is the use of e-learning tools in the courses initiated by the teacher?

The use of E-learning is scarcely initiated by the teacher. In most cases, we approach the teacher and we can show him or her the different possibilities and what technologies can be used in his course. And we offer him or her the possibility to use these technologies. Everything that has to do with didactics has to be done by the teacher, we can only facilitate the technology and explain what the possibilities are. 

Do the teachers get time to develop new learning material?

In most cases the teacher gets no or just a little time to develop new material that can be suitable for e-learning. This can be the reason why teachers have no idea about what the possibilities are and why we have to promote these e-learning technologies.

Do you use didactical theories and principles in your work?

In our work we have an intuitive approach. So the e-learning innovation program makes no use of these theories but only facilitates the technology and shows teachers the possibilities e-learning can offer. Everything that has to do with didactics can best be done by the teacher.

Do you not think that the interaction with other students, teachers and therefore also with other cultures is an important component of education, which is overlooked by the ‘e-learning promoters’?

Of course it is very important to think about what is important in our education. You can see education as a product that you offer to the students. But what is this product? Does it consist of only knowledge and skills, or do we want students to learn more than just that? This depends a lot on which course you give but also on the form of education.

I think that e-learning can only be an addition to the current education and it can never fully replace it. But the student in 2008 is obviously different from the student 30 ears ago. The lecture rooms are filled with “homozappiëns” these days (Wim Veen). And therefore a change in education is inevitable.

How do you see the future of e-learning?

I think the future of e-learning lies in 3D virtual worlds like Second Life and in the use of games in education. Therefore we hope to start pilots with these technology soon. We will also try the use of Wiki’s.
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Figure 1.1: Media use of the homozappiën [1.2]





Fig 4.1: Learning continuüm, Edgar Dale, edited by Nick van Dam, from [1.1] 





Behaviorism is a philosophy of psychology based on the proposition that all things which organisms do — including acting, thinking and feeling—can and should be regarded as behaviors. Behavior theorists define learning as nothing more than the acquisition of new behavior. Well known behaviourists are: I. Pavlov and B.F Skinner.[3.1]


“Cognitive theorists view learning as involving the acquisition or reorganization of the cognitive structures through which humans process and store information.” [2.5]. Cognitivism focuses on inner mental activities and information processes in the human brain. Cognitivists think human behavior is not only a respond on environmental stimuli, but also a result of mental processes such as thinking.


Jean Piaget formalized the theory of Constructivism. He suggested that through processes of accommodation and assimilation, individuals construct new knowledge from their experiences. When individuals assimilate, they incorporate the new experience into an already existing framework without changing that framework. According to the theory, accommodation is the process of reframing one's mental representation of the external world to fit new experiences. Accommodation can be understood as the mechanism by which failure leads to learning: when we act on the expectation that the world operates in one way and it violates our expectations, we often fail, but by accommodating this new experience and reframing our model of the way the world works, we learn from the experience of failure, or others' failure. [3.1]





� Behavior refers to the actions or reactions of an object or organism, usually in relation to the environment. The complexity of the behavior of an organism is related to the complexity of its nervous system. Generally, organisms with complex nervous systems have a greater capacity to learn new responses and thus adjust their behavior. [3.1]





Many e-learning designs exhaust learners





In games learners enjoy their learning effort





Fig 4.2: Using games, e-learners can enjoy their learning efforts [1.1] 





Fig 5.1 The misconception of multitasking [2.3]
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						synchronous						Asynchronous

								1						2

				local				Face to face interaction like in a normal class. Students are learning on the same time in the same place. Student and teacher are on the same location						Students are learning on the same place, but can work on different parts subject material

								3						4

				distant				Students are communicating at the same time, but are not on the same place. Examples are: video conferencing or live broadcasted lectures.						Students are working on their own working place and in their own time. So the interaction is across time and distance.
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