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1. Introduction
A growing number of schools in Europe already have computer laboratories utilizing modern computers. Introductory courses on ICT are already integrated in primary school curricula or soon will be. Apart from that, PCs are present in a continuously growing number of homes, and the age children start using computers decreases continuously. It is about time, therefore, to revise existing or develop new ICT curricula. On developing these new curricula due attention should be paid to the fact that activities such as text editing or painting have already been introduced to the students in primary school. Something different, more advanced, and more exciting is needed, therefore, for the high school (and lyceum) curricula. We believe that one possible course of action would be to integrate the curriculum ICT teaching with the teaching of different subjects, while at the same time to combine different learning methods by paying more emphasis to students’ own actions and self-directed learning abilities. We believe that by combining tasks in the way shown in this paper, will prove to be very beneficial to the students.

In education, the omnipresence of the web and the increased communications bandwidth has created, in effect, an integrated educational medium. Web-based video streaming technologies are expected to experience a rapid adoption by students and educators. In addition to maintaining the more traditional activities like text conferencing, whiteboards, video conferencing etc, video sequences can be integrated with or linked to slides by the use of simple use of ordinary internet browsers. This results to a seamless integration of digital video with other tools, hereby creating a Virtual Learning Environment. It also offers the opportunity to move beyond one-way video towards an interactive medium that complements, and adds visual richness to static text and graphic content
.
It is possible for streaming media to become a ubiquitous form of communication and to find application in every classroom. Nevertheless, there is currently an acute lack of research dealing with the use of existing streaming media for teaching and learning, despite the fact that streaming video is one of the best methods for introducing ICT (for the first time) in everyday school practice. In this paper, the results of an attempt to teach science using existing streaming media are presented.
2. The educational problem
It is well known that although the economic strength, the progress, and the wealth of all modern societies are based on Science and Technology, Science seems to be the most difficult, and the least interesting subject for most students. Considering its true size and its importance, Science is the single major subject in which only minimal amount of hours are devoted in the school timetable. Research has highlighted that teachers, and especially the primary school generalist teachers are afraid to teach science due to several reasons, the most important of which, is that most of them are arts-based in their way of thinking and their training, and they feel that they do not have enough knowledge to teach science.
It is imperative for all young students of compulsory education to have achieved some level of understanding of Science. After all, they need to understand some science to manage the technological objects and processes they encounter in everyday life
. In addition the ever-growing importance of scientific issues in our daily lives demands a populace who has sufficient knowledge and understanding to follow scientific debates with interest, and to engage with the issues science and technology poses – both for themselves individually, and for our society as a whole
. As for the students graduating from schools of Education it is even more important to have achieved a level significantly higher than mere scientific literacy, despite the fact that the overwhelming majority of students entering the universities to study education have an arts-based background, something not only reflecting their interests but on the whole affecting their way of thinking. However, these arts students of today are destined to become the primary schoolteachers of tomorrow, who should also be able to teach science. The universities, therefore, have the difficult task of teaching Science to these teachers-to-be, as well as providing them with ICT-media for use in their future teaching of science. Indeed, the use of ICT in class and in school-labs might be one of the best means to achieve correct science-teaching. 
As the aim of this trial was to use some existing media dealing with scientific matters in order to teach a certain scientific topic, such media were used. These are residing at the http://estream.schule.at/server The educational trial was planed to investigate if the students can achieve a scientific understanding by using the videos alone. This scientific knowledge could then be incorporated in a computer-based learning environment. After several considerations only one video was used. The video was about Newton’s laws. As the video was in the English language, a subtitling system was used. The translation was done by the researchers of the Science Laboratory, and it was proven a difficult simple task.
3. The research 

The educational trial took place at the University of Patras’ Science Laboratory. It would have been more convenient both for the teacher and the students if they could access the media from their school lab, but the encoding of most of the videos was optimised for broadband connections, something not compatible with the standard school internet connection in Greece. The schools interested in participating visited the University at pre-arranged times, while the accompanying teachers (who were on the whole familiar with Science Laboratory activities) had already agreed on the educational activity which was about to happen. This educational trial itself was performed by a researcher who was also a schoolteacher, while other researchers were also present, but whose task was to simply monitor the activities.
The knowledge remaining to the students when this teaching procedure was finished was compared to the knowledge students had before the teaching. A pre-test was given to the students, in order to identify what they already knew about the Newton’s laws, which was the subject they were going to be taught. 
The possibility to omit the pre-test was also considered, as in this educational trial participated primary school students of the age of 10, and they therefore have not received any proper science teaching. For reasons of thoroughness, it was decided to distribute a pre-test, as children form their first ideas about scientific issues at a very early age. Today this can happen at a very early age, as a result of children’s curiosity, their exposure to the mass media and to the influence of the family, the social environment, or even to school as some gifted teachers start teaching science early. Children knowledge is varied but assorted, as most the information acquired is not in the form of systematic knowledge coming from a proper school curriculum. Instead, it is a rag - bag of items that may refer back to episodes or conversation, family sayings, or even to advertisements
. The pre-test was distributed to the students a few days before the teaching. The analysis of the data revealed the students’ knowledge, as well as their prior ideas about the subject and helped the teacher/researcher plan the next step (introduction to the subject taught and prerequisite knowledge).
The topic chosen was considered “difficult” for 10 year old students. As soon as the pre-test results were analysed and evaluated, it was revealed that students knew very little about the Newton’s laws. Indeed, as friction takes its toll in everyday phenomena, students are more familiar with an Aristotelian as opposed to a Newtonian view of the world (i.e. force results in motion as opposed to acceleration). A detailed introductory lesson was therefore deemed necessary, in order to prepare and motivate the students, and this was offered by the teacher-researcher. For any future classes wishing to follow the same educational procedure, this introductory course could be offered by any of the following ways: (a) by the qualified personnel of the Science Laboratory, (b) by the teacher himself after consulting the relevant material provided to him by the researchers of the Science Laboratory and (c) ultimately the planned incorporation of all necessary theory into a user-friendly easy to use computer based learning environment be that web-based or not. The material could then be used not only from teachers, students or parents, but also from anyone interested and from anywhere a net connection is available, irrespective of time and geographical location.
Students were also procedurally unfamiliar with the new streaming video-based teaching method, and an “introduction” to this was incorporated in their introduction given. During this, the new teaching approach was explained to them, they were told what they were expected to do, and how they were going to work. Any questions the students had about the procedure were answered at this stage. The researchers made sure that everything procedural had been clarified to the students.

All the internationally accepted practices for performing research in science education were followed. Careful questionnaire design (related to the content taught) with clearly stated and specific questions is very important in order to avoid systematic errors.

4. Team formation

The children of the “experimental” set were divided into small teams of 2-4 people. It should be noted here that the optimum number of students working in front of a computer is two. When working in larger teams, problems regarding communication were observed (e.g. too much noise because the distance from each other is greater), and co-operation (e.g. who will operate the mouse), as well as space problems (e.g. everyone should have a clear view on the screen, table-space to spread the worksheets). The distribution of the students into the teams was done before entering the computer lab. It was proven better practice to allow students to choose their mates, although this often results in uneven teams: the “stronger” students may stick together leaving the rest to make their best. The aim was to let students learn by following their own pace. Therefore, uneven grouping was not considered a problem. On the contrary, special care was given to prepare and provide the “strong” students with additional worksheets to occupy them as well as to satisfy their natural curiosity.

5. The new teaching approach

During the actual teaching, the students watched the film and then tried to complete their worksheet. Students were asked to pick the useful information out of the video, as currently there are no meta-data pointing to useful information. Students are so used to work with predefined tasks, that without the worksheets they were uneasy, and confused, and did not know what to observe. Even with worksheets, the primary school students tried to answer the questions according to the formal way they are familiar with from the traditional teaching, which effectively meant that students were afraid to express their ideas. They preferred to either copy the whole text (from the subtitles) and to offer this as an answer to the question posed to them, or to ask the researcher for extra assurance. In reality, children rarely ever ask for an explanation, even if they face words or terms they were not familiar with.
It was, therefore, necessary to have an extensive discussion on the study-topic at the end of the lesson, and to answer to any of the student’s questions even those contained in the worksheets. After that the teacher-researcher described to the students certain examples based on real-life situations (or phenomena) and prompted them to express their opinion as to what they expected to happen while also giving a reasonable explanation as to why they thought so. In order to answer these questions, the students were encouraged to use the conclusions that the class had reached at the previous stage of the lesson. Subsequently, the teacher could ask students to think of further applications of the knowledge gained (either from everyday life or in imaginary situations). At present, the computer-based learning environment is not very developed and does not provide worksheets or answers to frequent, neither has it links for “further study”. As this is a first trial to use streaming media in order to teach a scientific topic, unforeseen problems were (naturally) encountered e.g. the extent of the student’s difficulty in taking the learning process in their own hands. It should also be stressed that the main aim of the present trial was to reveal the necessary additions/alterations so as to gain experience in order to design and create a complete user-friendly easy to use computer-based learning environment using streaming media. Despite the fact that the students found it difficult to adjust to the -novel to them- teaching method, we believe that, given time, they will manage to adapt to it, and take the learning process in their own hands. 
During teaching both the teacher–researcher and the lab researchers observing the process detected quite a few problems, the description of which follows shortly. The next step was the distribution of the post-tests, something that happened a few weeks after teaching occurred. In the present research this step was not strictly speaking necessary, as the analysis of the post-tests only served as a verification of something that both the teacher–researcher and the observer-researchers had already detected, which was that some important problems were present. The nature of these problems was such that it necessitated solving these first, and continuing with some improvements and assessments, before any meaningful research assessment can proceed. 
The problems encountered were the following:
· The video encoding and the handling of the bandwidth available by the end-user installation: Most of the videos do not play reliably (and sometimes at all) with an ISDN 128 line, which is often the case with schools in Greece. Students should either visit The Science Laboratory, or else they cannot use such a learning activity. There is a need to re-encode the videos offered in the media on demand system. Many alternatives for the same video should be offered like both multi-rate and also variable bit rate. An alternative would be to encode in many different rates (for fixed rate encodings). In this case, one could offer a different encoding for a target – user who only has an ISDN line, or just unreliable connection in terms of bandwidth. In such cases, only a small part (e.g. 8 KHz) of the bandwidth should be reserved for audio encoding, instead of the really generous portion (e.g. 64 or 32KHz stereo) width that is reserved in case of broadband. (This point is especially true if there is only human voice used in the video, as this only needs a very narrow frequency response by its very nature). We should mention here that it is much easier to transfer audio, and with good quality too. Therefore, in certain cases e.g. music events, dramatic performances, or lectures a higher proportion of the available bandwidth could be allocated to audio without much loss in the perceivable image quality.
For some reason the situation with the various video encodings offered seemed to deteriorate substantially from the time when the option of subtitles (see below) in more than one languages was introduced in the video tested.
· Subtitles: The subtitles were in a “separate” window, bellow to the video window. This system can improve a lot by a redesign. It was found that distance between the image and the text was too great for the students to switch back and forth comfortably. (The eye gets tired by continuous movement, and the students miss a lot of the action inside the picture, in the process). The subtitles used as standard by the TV (i.e. with the subtitles appearing “inside” the video’s window), is still the optimum. Users are used to that, the eye does not get tired by continuous movement, and the students do not miss a lot of the action inside the picture. Besides, if the subtitles are “inside” the video’s window, they will be available in all possible ways of viewing, e.g. full screen mode, or smaller screen.
· Timing: It was also found that the timing of the appearance of the text was not always precise and exact. In addition, the length of time the text appears was not long enough for the student to read and still be able to follow the image that keeps changing. Special care should be paid here when designing web based learning environments. Unfortunately for existing sites, improvements could be done by re-designing the screen so that the letters are “inside” the picture, and to have better synchronisation between the text and the image.
· Language and translation: All the videos on the streaming media site were either in the English or in the German language. A professional translator was hired in order to translate the text into the Greek language, but the end result was not satisfactory. Professional translators normally do not understand the subject, and the end-result is full of scientific mistakes or nonsense. The researchers had literally to re-translate the media. All translations, especially for scientific videos, should be done by experts of the subject with an excellent command of both languages.
· Usability and man-machine interface: The use of forward and backward “keys” resulted in long delays. There is a clash of interest here, having to do with the local buffer used by the media player in the user’s computer. This size is controlled dynamically (and automatically) lately, but the fact remains that if a large buffer size is used at that moment, the “inertia” for any type of response to user commands increases. In cases of erratic network (or even server) response, the time required to wait to see the desired effect becomes indeterminate. When using the “pause” button, the effect was that the whole procedure stopped, and students were asked to restart.
· Educational density: The videos produced (or used) should try to have higher “useful educational density”. For example, in one of the videos considered, the last section was plain “advertising propaganda” trying to persuade students to study science (a noble aim but not the way to achieve it, we feel).

· Audio noise: Α problem with a different origin was actual noise in the lab. This was because the number of students in the lab was large (a total 20-25 people at a time), and the video had an audio soundtrack with some type of narration. The classes were composed of 20-25 students. This means 7-10 groups of students, each of them in front of a different computer listening to a different part of the video. Although the video was in a foreign language and students could simply lower the volume level, as they normally just needed an aural or audio cue on who is talking, the students appear to compete against each other, which groups’ loudspeakers will be the loudest and “silence” the rest. Under these circumstances, it was very hard to concentrate. This problem is more severe in an ordinary school lab environment because school labs are normally housed in an ordinary room with hard surfaces on walls that do not absorb noise. In case loudspeakers are used, chaos results. If ordinary headphones are used, students shout to each other (so that they can be heard) or they stop communicating thereby ending their cooperation - something to be avoided. This last problem is the easiest to be solved. Simple students can work in pairs, wearing “open type” headphone each, so that they could hear each other, while listening to the audio track of the streaming medium. There should be a provision of different sound levels for each pair of headphones to suit individual hearing preferences. A cheaper (or just a make-do) alternative to this, would be the use of one earphone in the ear of each student, achieving effectively the same albeit in an artificial manner.

6. Conclusions, educational observations, and discussion
On the positive side, students could work in small teams, while using the streaming media. Working in small teams is, of course, most beneficial to the students, because it helps them to develop collaborative spirit. Students also develop their own judgment as to what is important and what is not, while learning to elaborate arguments to justify their opinion. These are important characteristics of adult people to have. 

Long videos dealing with science matters do not mix well with normal school practice. After all, it is difficult to gain students attention continuously for a long time. It was observed that students were speaking with each other, mostly making comments about the video. For our experience, for the purpose of science education, short videos (e.g. video clips or just a bit longer) seem to mix better with normal school practices.
All observers of this educational trial were much concerned with the question of how much “educational” the existing streaming media material is, and if it was appropriate to be used in class. The general consensus of opinion was that the videos used in class should have a significantly high “useful educational density” (i.e. much information within a short time). This is not the case for a large proportion of currently available videos, simply because they were not made in order to be used at school. School time is “prime time”, as opposed to “relaxing time” which is like when you watch TV at home –probably doing something else in parallel. Some educational information existing within a 10-minute or 30-minute video may be fine for home use, but it is too diluted for classroom use. If one (e.g. a researcher or a teacher) could use a video-editor (on-line or otherwise) one could increase this “educational density” to an appropriate level. But this is a truly creative process and can only be done if a researcher or teacher exercises a high level of judgement - not always an easy task.

The next and more important question arising to one’s minds is: “what constitutes educational streaming material and what does not”? Currently the only judge of that is the ultimate educational judge which is the teacher himself: he decides the suitability. It would be most helpful for the teacher, if there was some prior information or some sort of guidance given to him, or if there was some other procedure testing the educational streaming material before it reaches the teacher. There is none of that, at the moment.

Educators and teachers in general are (as they should be) very wary about the material they use (especially if it is longer than a 10-second clip). Points to be included in the proposed educational evaluation for such (longish) videos should include:
(a) The quality of information contained (if it exists) from a scientific (or content) point of view
. 

(b) The type of educational approach inherent in the (longish) video film.

Naturally, the object of such educational evaluation is far-reaching, and the process is quite complex (especially as it also involves many other aspects, in addition to the aforementioned ones).

As the commonly available internet bandwidth increases in the future, more and more of educationally useful material will finally become available - hopefully. The problem will then shift, from producing the medium to finding an appropriate educational medium on the net, or even to detecting a part of the movie that may be of some educational use and making a (short) clip out of it, discarding the rest. For example, an introductory medium about Africa might be useful to Geography lesson, but it might also contain some animals that live there, and therefore these scenes might be useful to Zoology lesson etc. One idea would be for this searching, evaluating, and discarding process, has to be done in a systematic way, resulting in one or many media libraries. In these the media would be categorised by thematic areas, and carrying indexes, and each medium carrying meta-data describing its content. Students (or teachers) can then be expected to search the index of such libraries and/or the abstracts of the clip itself to find something suitable for their learning-purpose. This proposed task is way beyond the scope of individual teachers to undertake, as it involves viewing long archives and adding meta-data. Unfortunately, this can only be accomplished by well-qualified people that comprehend the subject taught and understand the learning process – a job most befitting research educators. 
Another very important observation refers to the process of translation of existing videos (as well as those that may be produced in the future). If we only speak about non-scientific videos, for example a video about a monument, a certain town, or country, the task of translation is fairly straight-forward as this type of media hardly use any special terminology. Scientific videos, on the other hand, represent a product quite different from all the rest, even when it comes to translations. It was revealed during this project that translating scientific text is a task that cannot be accomplished by an ordinary professional translator as terminology plays a very important role. It appears that in the case of scientific videos, all translations have to be done primarily by experts of the subject taught, having an excellent command of both languages. In the present study it was found essential to seek help from university staff with a high command of foreign languages. The problem is compounded in case of a series of multiple translations, as for example from German to English and then from English to Greek, as errors propagate and meanings subtly shift.
Last but not least, one could not avoid noticing that for streaming media to be used in schools on a large scale, the copyright issues should be solved first. Secure mechanisms for the management of authors’ rights are essential. As funds for schools are often very limited indeed, the incorporation of a special clause for the educational use of existing copyrights may be the only plausible way forward.
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