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1 Introduction

This document provides an assessment of the effectiveness of IP (Internet Protocol) Videoconferencing for collaboration between UK Higher Education Institutions (HEIs), based on the small-scale pilot conducted under the PIPVIC project.  The aim of the PIPVIC project is to understand potential issues involved in running a large-scale IP multicast videoconferencing service.  To this end, a series of structured activities (teaching, research and administration) using IP multicast videoconferencing tools has been conducted, between 6 HEIs:

· University College London

· University of Exeter

· University of Essex

· University of Wales at Aberystwyth

· University of Westminster

· School of Slavonic and East European Studies (SSEES)

The audio, video and shared workspace tools used for conferencing between the sites were provided by a separate project, SHRIMP
.  

The detailed aims of the project, as described in the proposal, are:

· To pilot and assess IP multicast videoconferencing with a cross-section of users with differing requirements (other IP based videoconferencing tools will be tested as part of large scale piloting activities).

· To assess the effectiveness of IP videoconferencing tools in a collaborative working environment.  

· To identify further requirements for the large-scale deployment and use of a wide-area IP videoconferencing service on JANET.  

· To begin to test what happens when congestion occurs within a service network environment and to evaluate the effects of congestion on videoconferencing applications within a service network environment (this aspect will be fully tested as part of the large scale piloting activities).  

· To begin to determine the scalability of IP videoconferencing on JANET (this aspect will be fully tested as part of the large scale piloting activities).  

This report – PIPVIC Deliverable D2 – provides a detailed description and assessment of the structured activities which were carried out under the PIPVIC project; it describes the methods used for obtaining quality assessment data; and it reports on the results obtained.  Finally, it offers recommendations for the use of videoconferencing for remote teaching in institutions of HE in the UK.  The chapter on quality assessment methods and results overlaps with the corresponding chapters in Deliverable D1.  

Relevant documents about the the PIPVIC project are:

· Deliverable D0, Collection and analysis of Mbone traffic statistics V1 [1].  This document explains the status of network monitoring tools and methods at the beginning of the PIPVIC project, and provides a plan for collecting and analysing network traffic stastistics during the project.  

· Deliverable D1, Technical Description of the PIPVIC Pilot [2].  This document reports on the technical aspects of the pilot, i.e.  description of hardware platforms and analysis of network performance.  The document also assesses the the effect of network congestion on the useability of the videoconferencing tools.  

· Deliverable D2, The Effectiveness of IP Videoconferencing for Teaching, Research and Administrative Collaboration (current document).  This document reports on the effects, both beneficial and disadvantageous, on videoconferencing for the applications and its users, the qualitative aspects of the audio and video and any usability issues concerning the videoconferencing tools.  
· Deliverable D4, Collection and Analysis of Mbone Traffic Statistics, V2 [3].  This is a revised version of D0 [1], based on the experiences gained from the project.  

· Piloting IP Multicast Conferencing on SuperJANET: The PIPVIC Project [4] is a paper on the PIPVIC project, presented at Networkshop 26 in Aberdeen.  

This deliverable is submitted for approval by UKERNA.  The primary audience of this document is therefore UKERNA staff in charge of the project, but the intended audience is anyone in the UK Higher Education Community interested in videoconferencing.  
2 Description of Trials

2.1 Introduction

The activities in the trials covered the main activities that take place in HEIs: teaching (lectures and small group tutorials), research (seminars) and administrative tasks (weekly project meetings).  This section offers a detailed description of each of the structured activities carried out under the small-scale pilot.  Both PIPVIC Deliverable D1 and this Deliverable, D2, report participants’ subjective assessment of audio and video quality experienced during the activities.  The conclusions in this document focus on the usability and pedagogical implications of those assessments, whereas the PIPVIC Deliverable D1 focuses on subjective quality in relation to network performance.  

2.2 Software Tools

The software tools used for the trials were primarily the tools which were shrink-wrapped in the SHRIMP project.  The SHRIMP project provided install scripts and user documentation for a selection of videoconferencing tools for use in the PIPVIC project.  (See http://www.ja.net/video/service_development/shrimp/ for more information about SHRIMP).  The SHRIMP tools consist of:

· RAT (Robust Audio Tool)

· VIC (VIdeo Conferencing tool)

· WB (White Board - shared workspace)

· NTE (Network Text Editor - shared workspace)

· SDR (Session Directory Tool)

The SHRIMP tools are available for Windows95/NT4.0, Linux and Solaris platforms (except WB which is not available for Windows95/NT4.0).  Apart from the SHRIMP tools the following tools were also used: WBD (WB clone for Windows95/NT4.0) and mediaboard.  In most cases the tools were used separately, but occasionally the SHRIMP/ReLaTe interface was used which integrates the tools into a single easy to use interface.  The integrated SHRIMP/ReLaTe interface is available for Windows95/NT4.0 and Linux only.  

2.3 Teaching

A number of collaborative teaching activities were conducted as part of the small-scale pilot, most of them foreign language teaching.  Since audio quality is the critical usability parameter in videoconferencing [5]

 REF _Ref422720096 \r \h 
[5], it was decided to focus on quality assessment of audio.  Foreign language teaching offers a stringent test: if the audio quality provided is sufficient to support language teaching activities, it should be sufficient for most teaching applications (music being an obvious exception).  Another reason for concentrating on language teaching is that two of the Partners (UCL and Exeter) had previous experience of running foreign language tutorials as part of the ReLaTe project [6]

 REF _Ref422710486 \r \h 
[1]

 REF _Ref422710497 \r \h 
[7]; given the short lead time and duration of the pilot, this was felt to be extremely valuable.

Included in the assessment of teaching activities was a larger field trial of a course conducted between UCL and Westminster University in the autumn term 1997.  Even though this trial took place before the start of PIPVIC, we have included it in the assessment since (a) equipment and network connectivity between these two partners did not change between the field trial and the beginning of PIPVIC; (b) the assessment methods used were the same as the ones used in the PIPVIC teaching activities; and (c) the inclusion of a larger course extends the range of teaching activities.  

In the following sections each of the teaching activities will be described in detail.  For evaluation results, see section 4.  

2.3.1 Workshops

In preparation for the user trials, UCL hosted two half-day workshops.  A technical workshop (see section 2.3.1.1) was aimed at network administrators at the PIPVIC sites and included an introduction to IP multicast, a talk on how to set up multicast routers and the network administration involved in running it, and an introduction to the SHRIMP tools.  A workshop for tutors (see section 2.3.1.2) was designed to prepare the new teachers for remote teaching and covered both a hands-on introduction to the tools and talks on how best to prepare and conduct remote tutorials given by two experienced tutors.  

2.3.1.1 Technical Workshop

The technical workshop took place on the 14th January 1998.  The aim of the workshop was to provide an introduction to multicast technology to PIPVIC partners who were new to the technology.  The workshop included the following sessions: 

· Introduction to Multicast.

· Setting up multicast routers and network administration.  

· Multicast tools and documentation.  

The speakers were all UCL people who have been working in the area for a number of years.  The talks were multicast and participants at remote sites were invited to ask questions.  Slides were available from the PIPVIC web-site and were displayed using WB.  

2.3.1.2 Workshop for Tutors

The workshop for tutors was held on the 22nd January 1998.  Prospective tutors and observers in the PIPVIC trials participated.  The workshop gave the tutors and observers a hands-on introduction to the tools, followed by two talks given by experienced teachers (Marc-Georges Novicki from the UCL Language Centre, and David Hearnshaw from the University of Westminster) who have been involved in remote tutorials in the recent years.  The final talk included a list of “Dos and Don’ts” in remote tutorials.  The workshop also included discussions about the teachers’ expectations of taking part in the remote teaching programs.  

The workshop was multicast to enable remote participants to join in.  Slides were available from the PIPVIC web-site and were displayed using WB.

2.3.2 French for Lawyers

French for lawyers was the first small group language tutorial to be carried out.  

2.3.2.1 Duration of Course

12/01/98 – 09/02/98
Total number of sessions: 9
Distribution: 8 one-hour sessions and 1 two-hour session.

2.3.2.2 Participants

Three students at Exeter University were taught by one tutor at UCL.  Two language teaching experts and several technical support staff at both sites, observed the sessions.  

2.3.2.3 Technology used

Originally the students in Exeter were meant to use 3 PCs running Linux, but due to severe audio problems on the PCs, they were moved to two Silicon Graphics Indy workstations, where two students had to share one of the machines in turn.  The tutor was teaching from a Sun workstation.  Sun workstations and Windows95 PCs were used for playing out videotapes used during the tutorials.  A VCR was plugged into a Sun workstation or a PC and the audio and video were played out through RAT and VIC.  The VCR was controlled by one of the technical support staff at UCL, and the tutor had to ask for the videotape to be played, stopped, rewound etc.  

The following SHRIMP tools were used: RAT, VIC, NTE and WB.  Both students and tutor used separate tools.

2.3.2.4 Structure of tutorials

All tutorials were structured similarly.  The tutor would use video recordings of French news broadcasts presenting French law cases.  He would provide the words to the videotapes in one of the shared workspaces, but leave gaps for the students to fill out while watching the videotape.  He would also provide a list of vocabulary to help the students understand the videotape.  

The vocabulary and texts for the fill-in-gap exercises would be imported into either WB and/or NTE prior to the tutorial by the technical support staff at UCL.  

During the tutorial, the tutor would play the videotape in small chunks, and the students would fill in the gaps in the text in the shared workspace.  The tutor would immediately correct the students and either replay the chunk of videotape or go on to the next bit.  

There was no homework for the students to do.  

2.3.3 Spanish for Lawyers

2.3.3.1 Duration of Course

23/02/98 – 16/03/98
Total number of sessions: 7
Distribution: 3 two-hour sessions, and 4 one-hour session.

2.3.3.2 Participants

Two students at Exeter University were taught by a tutor at UCL.  Two language teaching experts and technical support staff at both sites, observed the sessions.  

2.3.3.3 Technology used

The students were using two Silicon Graphics Indy workstations.  The tutor was teaching from a Sun workstation.  A Sun workstations was used for playing out videotapes used during the tutorials.  A VCR was plugged into the Sun workstation and the audio and video were played out through the audio and video tools.  The VCR was controlled by one of the technical support staff at UCL, and the tutor had to ask for the videotape to be played, stopped, rewound etc.  

The following SHRIMP tools were used: RAT, VIC, NTE and WB.  The tutor used separate tools, but both students used the integrated ReLaTe/SHRIMP interface.  

2.3.3.4 Structure of tutorials

The structure of these tutorials was quite varied.  The tutor would give the technical support staff pages of text (questions, newspaper articles etc.) which would be scanned and imported into WB.  She would also make use of video clips presenting Spanish law cases.  

Every week the tutor would send articles by post to the students which they had to prepare for the tutorials.  The homework mainly consisted of reading the articles in preparation for discussions in the tutorials.  

2.3.4 Polish for Beginners

This was the third language trial in small-scale project.  The trial differed from the French for Lawyers and Spanish for Lawyers as follows:

· The tutorials took place between two sites (Essex University and SSEES) neither of which had experience with IP based videoconferencing prior to the PIPVIC project.  

· It was the first language trial exclusively to make use of the Windows95 platform.

· The tutorials were for beginners as opposed to the very advanced level required in the French/Spanish for Lawyers sessions.  

This course was the first to put the Windows95 platform into serious use.  The Windows95 software had been released and presumed to be working, but the reality was different:

· The video tool was unstable and used up an extraordinary amount of CPU power, only to display delayed versions of the thumbnail images.  The thumbnail images could not be enlarged as this would cause the PCs to crash because of CPU overloading.  

· The audio tool produced broken up sound, making understanding incoming audio virtually impossible.  Restarting RAT would often solve the problem, but for a short time only (5-20 minutes depending on how much audio was transmitted).  

· WBD, the WB clone for Windows94/NT4.0, proved to be incapable of handling imported PostScript images.  

· One of the PC’s at Essex had a more powerful processor than the other, giving the student on the slower machine a constant disadvantage.  Due to the state of the PC tools placing a much greater load on the CPU, the slower machine would often drop more audio packets.

The situation was further aggravated because the heavily loaded CPU caused transmission of the information on the shared workspaces to be delayed (though NTE coped reasonably well), and students and tutor would spend valuable time trying to determine whether words had arrived at the other end or not.  

The last contributing factor to the problems experienced during the Polish tutorials was that the Bandwidth on the tunnel connecting Essex University to the rest of the Mbone had accidentally been set far too low, causing severe packet loss between Essex University and SSEES.  

All these problems were eventually solved, and later trails using Windows95 PCs (last few social sciences lectures and Mandarin for beginners) experienced few technical problems.  

2.3.4.1 Duration of Course

04/02/98 – 18/03/98
Total number of sessions: 5
Distribution: 5 two-hour sessions.  

2.3.4.2 Participants

Two students in Essex were taught by a tutor at SSEES, with an observer in Essex and technical support staff at both sites.  

2.3.4.3 Technology used

Windows95 PCs were used by all, running the tools RAT, VIC, WBD and NTE individually.  A modified version of NTE was used in order to cope with Polish character set.  

2.3.4.4 Structure of tutorials

The structure of the tutorials varied.  The tutor would send material to the students by post in advance of the tutorials.  This was a backup measure as WBD proved too unreliable for importing the material as PostScript files.  The tutor concentrated on teaching the students the basic phonemes of the Polish language and the Polish alphabet.  

2.3.5 Italian

The Italian sessions were run in three phases:

Phases 1 and 2 were taught from Aberystwyth to students in Exeter, and phase 3 from Exeter to students in Aberystwyth.  The division of the sessions was necessary due to staff commitments at each site.

2.3.5.1 Duration of Course

05/03/98 – 30/03/98
Total number of sessions: 7
Distribution: 

Phase 1: 4 one-hour sessions

Phase 2: 1 two-hour session

Phase 3: 2 two-hour sessions

2.3.5.2 Participants

Phase 1: Initially three students in Exeter, reduced to two after the first session.  Tutor (Alberto Andreaux) in Aberystwyth.  One student was at an advanced level, the other two were intermediate (one of which dropped out).

Phase 2: Two students in Exeter (as in phase 1).  Tutor in Aberystwyth (Adriano Vincentelli).  One (advanced) student actively took part in the session, the other (intermediate level) student observed.

Phase 3: Four students in Aberystwyth, reduced to three after first session.  Tutor in Exeter (Marie Danielle Chamary).

Tutors not involved in teaching each session generally acted as observers; one technical assistant at each site to advise and operate the video-player.

2.3.5.3 Technology used

As problems with PC audio still persisted, Exeter used Silicon Graphics Indy workstations from the outset.  For the first session (with three students), one workstation was used by two students simultaneously, using headphone/microphone splitters to allow shared use of RAT, but with only one keyboard, mouse, etc.

Aberystwyth initially used Windows95 PCs, though it quickly became apparent that the tools were unreliable at that stage and there was a general move towards using Sun workstations after the first few sessions.  There were also problems with interoperability between WB and WBD, which hastened this move.  Again, in phase 3, the students shared workstations in pairs as detailed above.

For phases 1 & 2, the tools used were RAT, VIC and WB.  For phase 3, NTE was also used.  Students and tutors in Exeter used the integrated ReLaTe/SHRIMP interface, whereas students and tutors in Aberystwyth used individual tools.  

When video clips were shown during a session taught from Exeter, a VCR was operated by a technical assistant. When the sessions taught from Aberystwyth, however, involved showing a video clip, the tutors operated the VCR themselves.

2.3.5.4 Structure of tutorials

Phase 1 was designed as a series of preparatory lessons for students intending to spend a year abroad the following year.  The focus was therefore on practical aspects of living abroad, with vocabulary exercises and conversation supporting this.

Session 1

Duration: 1 hour

Topic: accommodation in Italy

Objectives: becoming familiar with housing/accommodation in Italy and being able to use the appropriate language to rent a flat/room etc.

Vocabulary: house
Grammar: “c’è, ci sono”; conditional to make polite requests.
Materials: Video clip from Italianissimo 1 (Italia2000 course material), diagram and lists of vocabulary, flat diagram

1. Revision and expansion of housing vocabulary.
Exercise: use of a diagram that has already been scanned in and ask students to expand it through a brainstorm session.

2. Comprehension activity.
Listening/watching exercises on a video clip showing an Italian flat.

3. Furnishing a flat.
Exercise: Using the whiteboard and talking, the appropriate vocabulary is elicited in order to describe different rooms and furniture in a flat.

4. Final considerations.
A contrastive analysis between Italy and Great Britain is carried out on different habits and styles in housing, and the following step of the teaching unit is introduced: renting a flat.

Session 2

Duration: 1 hour

Topic: accommodation in Italy

Objectives: becoming familiar with housing/accommodation in Italy and being able to use the appropriate language to rent a flat/room etc.

Materials: summary, key words and adverts scanned in and also sent as back-up.

1. Revision of previous session
Exercise: using key words to sum up a description of an Italian flat, using also a summary prepared beforehand and imported into NTE.

2. Reading adverts.
Exercise: students read several authentic adverts of flats to rent, taken from Italian magazines and newspapers.

3. Role-play
Exercise: student and tutor perform a role-play in an estate agency to rent a flat.

4. Describing your flat.
Exercise: tutor describes his flat to student who draws on WB following instructions, then vice versa.  

Session 3

Duration: 1 hour

Topic: university life
Objectives: becoming familiar with university life in Italy and being able to understand TV interviews and describe people.

Vocabulary: university, description of people (physical appearance, life style and character).

Grammar: interrogative forms, present tense.

Materials: video clip from Italia2000
 on Italian university.

1. General introduction on Italian and British university.
Exercise: using personal information and experience to introduce and compare university lives.

2. Watching a video on an Italian university with interviews to students.  
Exercise: describing the place and people in the clip (sound off); true-false comprehension exercise (sound on).
3. Detecting useful expressions to describe people and places
Exercise: matching exercise on expressions - functions.

Session 4

Duration: 1 hour

Topic and objectives: as above

Materials: photos and texts about Italian students scanned in and also photocopied as back up.

1. Revision of previous session
General conversation to revise topic presented in previous session; true- false exercise on differences between Italian and British universities.

2. Dialogue preparation.
Exercise: open dialogue on WB, based on an interview to be filled in.

3. Describing people.
Using photos (first importing scanned images, then using the camera and the actual photos) and texts describing young Italian students, the descriptions are matched with the corresponding photos.


Phase 2 


Duration: 2 hours

This was designed as a translation exercise, from English into Italian.  The text had been sent in advance to the students.  

The initial stage of the session involved presenting the students with an image file with a view to testing or reminding them of the vocabulary which would be encountered in the translation itself.  (Problems were encountered when importing the file because of its size and format.  By default, only PostScript files less than 32K can be imported into WB.  The solutions suggested at the time seemed cumbersome and to make demands on, or unwise assumptions about, language tutors' IT competence.)

The translation itself was presented in three stages.  First, students were given the passage with gaps to be filled with nouns, adjectives and prepositions.  Then the same procedure was repeated for the insertion of verbal forms, personal and adverbial pronouns.  Finally, there followed a co-operative effort to reach a final version.  At this stage there was heavy reliance upon both WB and audio.  As this was a one-to-one session it was not possible to create the spirit of team co-operation/competition exploited in other sessions.  The dialogue between tutor and student moved the session forward as questions were formulated verbally or graphically on WB including free hand drawing, lines, circles, arrows, exclamation marks etc.  Before arriving at a final version entered via keyboard.  (It proved difficult to write free hand with the mouse – a graphics tablet may / may not have been helpful at this point.)

Grammar: Areas targeted included: Passato remoto/Imperfetto, Passato prossimo, Condizionale (Futuro nel passato), Possessivi.

Phase 3

Phase 3 took the form of a conversation class, with a variety of exercises providing a focus for the conversation.  Types of exercises used included vocabulary building, writing skills using WB, listening comprehension, reading comprehension, verb conjugation practice, general conversation and word matching.  More details on these two sessions below:

Session 1

Topic: health

Grammar point: Imperative 2nd person singular & plural

Duration: 2 hours

1. Revision of different parts of the body.
Exercise: Use a picture that has already been scanned in and ask students to label the different parts of the body.
Materials: graphics of head and body.
(Problems with WB prevented the loading of the picture, so this exercise was done orally instead).

2. What the students usually do to stay in good health.
Exercise: Using the whiteboard, each student using a different colour, lists what they do personally to stay in good health.

3. When something goes wrong (example: a skiing accident).
Exercise: Listening comprehension, gap-filling exercise.
Materials: Video clip from Italianissimo 2 (Italia2000 course material).

Session 2

Topic: Environment

Grammar point: Imperative - whole table.

Duration: 2 hours

1. Reading comprehension: Effetto Serra
Exercise: Reading a scanned text from WB, and answering questions on the text.

2. What students do to protect the environment.
Exercise: Using WB, each student using a different colour, lists what they do personally to maintain a good environment.

3. Grammar: Imperative verb forms.
Tuition: pick up verbs from reading text and have a complete verb table for the imperative, for regular verbs and some irregular ones, also negatives.

4. Grammar: Imperative verb forms.
Exercise: In a grid drawn in WB, one form of each verb is already filled in; students fill the grid with the other forms to construct a complete verb table for the imperative.

5. Discussing environmental action
Exercise: Listening comprehension, questions and answers (using NTE).
Materials: Video clip from Italianissimo 2, ch.  17 (Italia2000 course material).

6. Word match (vocabulary from previous video clip)
Using NTE, students dragged words from the bottom of the screen to their translations, firstly matching Italian words with English words, then vice versa.

2.3.6 Social Sciences

A series of 5 lectures titled “Aspects of the post-communist transition” was given by lecturers at Essex University to post-graduate students at SSEES.  The lectures form one of the few non-language teaching events.  The set-up was as a lecture with the opportunity for the students to ask questions at the end.  The tutor gave the lecture sitting in front of a computer, using mediaboard for displaying slides.  The students did not each have their own PC, but listened to the lectures in a lecture room.  The first lecture had the students grouped around a PC displaying the tutor’s video image and the slides and playing out the audio.  At this stage there was only one student and two observers.  For the following lectures the PC monitor was projected onto a screen, and the audio played out through speakers mounted on the wall.

2.3.6.1 Duration of Course

10/03/98 – 28/04/98
Total number of sessions: 4
Distribution: 4 two-hour sessions.  

2.3.6.2 Participants

Three tutors from Essex gave the four lectures to students at SSEES.  One tutor gave two lectures and the other two gave one lecture each.  It proved difficult to find students who would volunteer to sit through all five lectures at SSEES, and the number of students therefore changed from lecture to lecture.  During the first session, only one person attended the lecture apart from the two technical support staff from UCL.  The second lecture was attended by one research students and five lectures at SSEES.  The research student and one of the lectures also attended the last two sessions.  In addition the last two sessions were attended by 3-4 other people.  

2.3.6.3 Technology used

Both sites used Windows95 PCs, and due to the problems experienced with WBD during the Polish language trials, it was decided to try the new shared workspace from Lawrence Berkeley Laboratories (LBL), who developed WB, called mediaboard, for displaying the slides.  

SSEES does not have an echo cancellor which meant that push-to-talk had to be used during question time, as the audio from the speaker would otherwise be fed back into the microphone, creating feedback for the lecturer in Essex.  As there was only microphone which was passed around between participants, push-to-talk had to be operated by one of the technical staff during question time.  In addition, the projector was only capable of projecting a low-resolution screen which meant that only a limited number of the tools could be seen at the same time.  This meant that when the tutor was referring to a slide displayed in mediaboard, it was necessary to switch between the video image of the tutor and mediaboard.  

2.3.6.4 Structure of tutorials

The structure was of seminar/lecture form.  The tutor would give a lecture followed by a question and answer session.  Slides were displayed in mediaboard.  

2.3.7 Mandarin for Beginners

This language course posed some new challenges for the PIPVIC partners.  Mandarin is the first ever tone language which has been attempted as a remote teaching activity using the SHRIMP tools.  Chinese signs posed another challenge - drawing with the mouse was certainly not going to be an option as drawing with a mouse is intrinsically difficult.  The solution to the signs was to use graphics pads with electronic pens.  

The Mandarin course was also the first PIPVIC trial to have students at different sites.  In previous trials, the tutor has been at one site, and all students at another.  In this trial, the tutor taught from the UCL Language Centre to two students in Exeter and two students in the UCL Computer Science Dept.  

2.3.7.1 Duration of Course

05/05/98 – 02/06/98
Total number of sessions: 5
Distribution: 5 two-hour sessions.  

2.3.7.2 Participants

The tutor taught from the UCL Language Centre.  Two students were in the Computer Science department at UCL, and another two students were at Exeter University.  

2.3.7.3 Technology used

Each participant used a Windows95 PC with a dual mouse/WACOM graphics pad, size A5 or A4.

2.3.7.4 Structure of tutorials

The tutor provided a lesson plan at the start of the series which was given to the students.  The material was also scanned and displayed on mediaboard.  In the first 4 tutorials the students were taught vocabulary and pronunciation, based on Mandarin words written using the English alphabet.  In the final tutorial, the students were taught the basics of Chinese signs, and practised writing these signs on mediaboard, using the graphics pad and electronic pen.  There was no work for the students to prepare in advance of the sessions.

2.3.8 Communications and Networks Course

Final year Information Management students at UCL were offered a taught and validated module by distance learning.  The module consisted of:

1. Content delivery (replacing traditional lectures): multimedia CD ROM package and printed notes were given to each of the students.  The CD ROM packages and notes were studied by the students and weekly compulsory coursework based on the material was handed in.  

2. Weekly remote tutorials: These were conducted using IP videoconferencing.  The major advantage with the participation of this student group was that the participants would be representative of the personality types, commitment, attendance, goals and drive occurring in undergraduate higher education.  The tutor was to be at the University of Westminster.  To accommodate all the students on the course, students would attend one of six tutorials conducted each week, and tutorials took place over eight weeks.  

2.3.8.1 Duration of Course

09/10/97 – 05/12/98
Total number of sessions: 48
Distribution: 48 one-hour sessions.  

2.3.8.2 Participants

Thirty Information Management undergraduate students at UCL.  They were divided into 6 groups so that a maximum of five students were present at each tutorial in addition to the tutor (David Hearnshaw at University of Westminster).  

2.3.8.3 Technology used

Each student was sitting at a separate PC or workstation.  A variety of Sun workstations, FreeBSD PCs and Silicon Graphics Indy workstations were used, running VIC, RAT and WB.  

During the first four weeks QCIF images at 2fps were used, whereas during the last four weeks 8fps was used with some images enlarged to CIF.  Voice activated audio was utilised throughout.  

2.3.8.4 Structure of tutorials

The tutor was present for the start and second half of each tutorial.  The tutor-less section of the tutorial was designed to encourage inter-group discussion and peer interaction Tutorial questions were displayed on WB at the start of each tutorial, and then without the tutor being present, the students would take it in turn to compile answers and jot down notes on WB after discussion with the other participants.  The tutor returned for a discussion of conclusions and a general round up of ideas.

2.4 Research

02/02/98 – 28/05/98
Total number of sessions: 11
Distribution: 11 one-hour sessions.  

The structured research activities consisted of a series of seminars given from and to PIPVIC partners.  On some occasions, the seminars were attended by non-PIPVIC partners, and a few were given by non-PIPVIC partners.  

The seminars took place every Thursday 14.00-15.00 in term time.  The seminars were meant to be attended by all sites, though in practise this proved unrealistic.  The topics for the seminars were (nearly) all related to IP based videoconferencing one way or the other.  This is a list of sites and titles:

· 2nd February Angela Sasse (UCL) Introduction to PIPVIC Project 

· 19th February David Price (Aberystwyth) Multicast Routers and their Interconnecting Tunnels 

· 26th February David Hearnshaw (Westminster) Desktop Conferencing for Remote Education - Theory and Practice 

· 5th March David Price (Aberystwyth) snmp Monitoring and Mrouters 

· 12th March Lorenzo Vicisano (UCL) - Congestion Control 

· 19th March Anna Watson (UCL) Assessing Audio and Video Quality in Multicast Conferencing 

· 30th April Ian Campbell (Exeter) Multicasting - a Local Network Manager's View 

· 7th May Craig Rodine (OU – given from UCL) Real Telepresence from KMi: The Lyceum Project 

· 14th May Jim Dingley (SSEES) Experiences of Language Teaching in the PIPVIC Project 

· 21st May Martin Colley (Essex) A Mobile Robot for Teaching Computer Architecture 

· 28th May Anne Adams (UCL) User Perception of Privacy in Multimedia Communication

All sites except UCL would take part in or give seminars from their desktop computers.  UCL gave and attended seminars from a lecture room.  

Technically, the seminars experienced very few problems, bar the problems Windows95 PC users experienced in the beginning of the project (see section 2.3.4 for a description of Windows95 PC problems).  WB was generally used for displaying slides.  At one seminar, the slides were prepared by a visiting lecturer, and were too many and too graphics intensive to be displayed in WB, and slides were shown by pointing a camera at the projected slides in the lecture room.  

As WBD cannot display PostScript files, Windows95 users were not able to see the slides during seminars.  These users were encouraged to print out hard copies of the slides before the seminar.  

2.5 Administration

09/01/98 – 26/06/98
Total number of sessions: 24
Distribution: 24 one-hour sessions.  

Apart from the project kick-off meeting, which was a face-to-face meeting at UCL, all administration in connection with running the PIPVIC project has been dealt with during weekly videoconference project meetings and over email and telephone.  The weekly meetings take place every Friday 10.00-11.00.  They started on the 9th January 1998 (apart from Good Friday) and will carry on till the 26th June, which precedes the live demo on the 30th June (PIPVIC Deliverable D3).  

Most of the meetings have at least one representative from each site, and often more.  A typical meeting will therefore consist of 10-12 people from 6-7 sites (incl.  UKERNA).  The meetings use the shared workspace NTE for displaying the agenda and taking minutes, and RAT and VIC for audio and video respectively.  The meetings are advertised in SDR.  

The meetings are chaired from UCL, but apart from chairing the meeting in the same way as in a face-to-face meeting, the meetings do not adhere to any specific protocols due to being videoconference meetings as opposed to face-to-face meetings.  

The shared workspace allows all participants to see the minutes as they are being drafted.  

Like other structured activities, the Windows95 PC users experienced a number of problems in the first half of the project (see section 2.3.4).  Furthermore, project meetings on Friday mornings in May/June occasionally suffered from an unstable router at UCL (outages lasting a couple of minutes were not uncommon).  

2.6 Summary and Conclusions

The structured activities formed the core of the PIPVIC project.  Only through using IP based videoconferencing for “real” structured activities can we measure the impact of the technology on networks and begin to understand the issues involved in using this technology for administrative, research and teaching activities.  Section 2 provided a detailed description of the structured activities which the PIPVIC project evolved around.  Section 3 describes the evaluations methods used to obtain the results presented in Section 4.

3 Measurements and assessment

3.1 Introduction

Two objectives of the PIPVIC project are worth re-stating at this point: 

· To pilot and assess IP multicast videoconferencing with a cross-section of users with differing requirements.

· To assess the effectiveness of IP videoconferencing tools in a collaborative working environment.  

Hence, two types of assessment had to be carried out during the small-scale pilot.  On one hand, the usability of the technology needs to be assessed, i.e.  are the current networks and current tools (in this case the SHRIMP tools) “good enough” to support administration, research and teaching activities in terms of audio/video quality.  On the other hand, the assessment must cover how well the tools support the users in fulfilling their tasks.  

This chapter discusses the measurement and assessment methods used during the trials.  Part of this chapter also appears in PIPVIC Deliverable D1 [2].  Network assessment is dealt with in more detail in PIPVIC Deliverables D0[1], D1 [2] and D4 [3].  

3.2 Background

There are currently three strands of videoconferencing used within JANET: ISDN, ATM (Asynchronous Transfer Mode) and IP based.  ISDN and ATM are the most used.  Part of this project is to understand what infrastructure is required to support a large, well utilised multicast IP service.  

The IP videoconferencing piloted in PIPVIC is multicast videoconferencing.  Multicast videoconferencing differs from other types of videoconferencing on several points.  Multicast runs over shared packet networks and is therefore comparatively low cost.  The tools can be used for point-to-point communication, small groups as well as large-scale broadcast-type transmissions.  Currently, mechanisms to guarantee Quality of Service (QoS) are not implemented on the SuperJANET Mbone service.  One of the aims of the PIPVIC project is to determine the overall provision and type of QoS mechanisms required to support videoconferencing via multicast adequately.  

Multicast videoconferencing also suffers from the lack of commercial versions of software tools available.  Thousands of people make use of multicast IP videoconferencing throughout the world, using whatever tools are currently freely available from research institutions, and apparently accepting varying quality of audio and video due to varying network conditions.  For this technology to be more widely deployable, however, the software must be more easily available and better documented, and the network and usability issues which arise from making “serious” use of the technology on a large scale must be documented.  

Making a selection of the available software tools more easily accessible and better documented was achieved in the SHRIMP project.  Documenting the issues which arise from making serious use of the technology is in essence the aim of the PIPVIC project.  

Because IP based videoconferencing on SuperJANET is currently conducted over shared networks without provision of QoS, packet loss is inevitable, and we need to assess the impact on packet loss on using videoconferencing for different applications.  Using shared networks with limited bandwidth also restricts the amount of data that we can or want to send over the network, as a congested network is detrimental to all users, so we need to investigate the effect this has on users’ perception of quality.  These issues are fairly unique to IP based videoconferencing making traditional assessment methods developed by telecommunications bodies like the International Telecommunications Union (ITU) inapplicable.  

Assessing the quality of audio and video sent over packet switched networks is non-trivial for the following reasons: 

· packet size

· existing methods

· unpredictability of network performance

· task

Each of these will be discussed in detail below.  

3.2.1 Packet Size

Mbone packet sizes are large (20-80 ms in length) and often exceed the length of phonemes, the critical units for speech perception.  When more than one packet is lost in a row, this seriously begins to affect speech intelligibility, which in turn has the largest impact on perceived speech quality.  However, it is not the case that highly intelligible speech necessarily receives a correspondingly good perceived quality rating, and so investigations of both intelligibility and quality are required.  Unfortunately, the existing methods for the investigation of both speech intelligibility and speech quality are not immediately applicable to the novel situations we find in multimedia communication over multicast networks.  

With respect to video, packet loss and delay means that significant blocks of the image do not get updated at the same rate as the rest of the image.  However, it is frame rate that has the greatest impact on user perception of video quality.  

3.2.2 Existing Methods

Speech quality assessment methods have generally been developed by telecommunications bodies such as the ITU.  Most quality assessments are carried out using some form of rating scale such as the 5-point listening quality scale or the 5-point listening effort scale.  However, the vocabulary used to describe the points on these scales is not suitable for describing the types of degradation, or indeed the unimpaired quality, that is typically found under Mbone conditions.  In addition, because quality is a multi-dimensional perception, it is likely that one scale is not sufficient to capture overall perceived quality.  

With respect to video quality, again we find that the established measurement methods are not suitable for the quality that is commonly found over multicast networks.  Most video assessment techniques are aimed at determining whether viewers can detect minor glitches in quality, which is nothing like the scale of degradation found in multicast transmission over the Mbone.  Therefore the image quality scales that are used by bodies such as MPEG and the ITU, such as the degradation category scale, are not suitable, and employing a method such as the forced choice comparison is not necessarily meaningful (see discussion in section 3.2.4 below).  See [8]
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[5] for further discussions.

Unlabeled scales were used for measuring users’ perception of quality in the PIPVIC project.  

3.2.3 Unpredictability of Network Performance

One of the biggest obstacles to assessing audio and video quality over the Mbone is that the network conditions can fluctuate so dramatically that it is hard to ascertain what exact conditions people are experiencing from one moment to the next.  It is quite common for two people in the same conference, but at different sites, to experience drastically different levels of loss etc.  (see PIPVIC Deliverable D1 [2], section 3.3.2).  This real-world situation has made it difficult to make statements from experimental findings that apply in the real world, and likewise observations from field trials and genuine conferences are hard to replicate in laboratory conditions.  

3.2.4 Task

Audio and video quality requirements alter according to the task that is being undertaken in the multimedia conference.  The requirements of the user also alter according to whether they are familiar with the other participants and whether they are communicating in their native language or not.  It is likely that the required video quality will depend on how important the video is in the task that is being performed.  Although teasing out all these interactions will be very complicated, it is a worthwhile piece of research to undertake since it is likely that some form of bandwidth reservation will be implemented in the not too distant future.  In order to reserve the correct amount of bandwidth for each application (sufficient to sustain quality, but no more than necessary to achieve good subjective assessment), quality thresholds for different multimedia conferencing tasks need to be ascertained.  

In the remainder of this chapter we shall discuss the assessment methods used for the small-scale pilot.  

3.3 Assessment methods

The assessment methods used in the PIPVIC trials can be categorised under the following headings: quantitative, qualitative and task related.  Quantitative and qualitative data were collected on a session-by-session basis on of the audio and video quality received during videoconferences.  Task related assessment is a more high-level assessment: did the technology effectively support the user performing the task? 

Any of these measurements can be subjective or objective.  An example of subjective data is a user rating of the quality of the audio at the end of a conference.  An example of objective data is statistics on packet loss a user received during a conference.  Objective data can also be task related.  If control groups were used, it would be possible to compare task achievement between the two groups to see if one group performed better in an exam type test than the other.  

Objective data is relatively easy to obtain and data collection is unobtrusive.  However, it generally generates huge amounts of data (up to 50 MB) per conferencing hour, and without appropriate tools for analysing the data, it becomes unusable.  Throughout most of the pilot, no such tool was available, and objective data is therefore scarce.  (See PIPVIC Deliverable D1 [2] for a discussion of network monitoring tools.)

Subjective data is much more difficult to obtain, as it requires users to express an opinion.  Experience show that users are generally eager to please and will happily take part in interviews or fill out questionnaires – as long as it does not happen too often.  

3.3.1 Data Collection

The data collection was different for each of the structured activities.  Sections 3.3.1.1, 3.3.1.2 and 3.3.1.3, outlines the data collection for each of the structured activities: teaching, research and admin respectively.  

In general all sessions were insofar as was possible recorded digitally onto a video server at UCL using the application mmcr.  Apart from being able to view recordings of sessions for closer analysis, the recordings contain information about packet loss in the audio and video tools, and information on how many frames per second were received from each participant and how much bandwidth was used.  

Correspondence by email played an important role in the day to day running of the projects.  Though not a structured data collection method, the email correspondence in its entirety, is a valuable source of information about the sessions.  

An unlabeled scale was used throughout the project for subjective assessment of audio and video quality.  See Watson & Sasse [8]
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[5] for a discussion of assessment of audio and video quality on shared packet-switched networks.  

In paper based questionnaires, the user was asked to rate the quality of the audio and video by putting a mark on a vertical line (22 cm long) with a + at the top and a – at the bottom, where – represented the worst imaginable quality and + represented the best imaginable quality.  The user was asked to rate in terms of how adequate the audio and video was for the kind of tutorial that he or she was taking part in, and not in terms of what he or she is used to from TV.

The online web-based questionnaires required the user to rate the quality of the audio and video by selecting a number between 0 – 100, where 0 represented the worst imaginable quality and 100 represented the best imaginable quality.  Again, the user was asked to rate in terms of how adequate the audio and video was for the kind of tutorial that he or she was taking part in, and not in terms of what he or she is used to from TV.

3.3.1.1 Teaching

The main effort of data collection was spent on the teaching sessions for two reasons.  Firstly, because we were working with “real” users as opposed to project partners in the research and administration sessions and thus the data is more valid since it is taken from a fresh perspective, obtained from someone who is not familiar with all the problems associated with operating and deploying the tools .  Secondly, the teaching activities were relatively short and self-contained activities, and if data is not gathered while the sessions are on-going or shortly afterwards, there is the possibility that the students and tutors will not be available for evaluating the sessions.  

After each teaching session, students and tutors were asked to fill out a short web-based form.  The form contained three sections, one for subjective assessment of audio quality, one for subjective assessment of video quality, and one for general comments.  Users were asked whether audio and video quality was adequate for the kind of tutorial they were taking part in.  Apart from rating the audio and video by choosing numbers between 0 – 100, there were boxes for additional comments about the audio and video.  The form could be completed in a matter of minutes.  

The technical support staff (i.e.  PIPVIC project members running the trials) also filled out a web-based form for each participating site, giving information about platforms used, specific settings in the tools etc.  

After the last session, the whole course was evaluated.  Students and tutors were given a comprehensive questionnaire, asking them to rate the overall quality of the audio and video throughout the sessions.  The questionnaire also contained sections on user interfaces to the tools, best and worst features, etc.  

Finally, students, tutor, observers and technical support staff were brought together for focus group discussions on the experiences learned from using IP based videoconferencing for remote teaching.  In some cases the meetings were face-to-face (French for lawyers, Spanish for lawyers and Polish); in other cases the meetings were also conducted remotely.  In order not to make them feel inhibited, students were in discussion groups on their own without the tutor and observers.  The focus group discussions were recorded and then transcribed.  

Towards the end of the project, a new monitoring tool was developed at UCL which collects network statistics and displays them in a graphical way, making it easy at a glance to get a good view of network conditions with respect to packet loss during sessions.  See Deliverable D1 [2] for a description of the monitoring tool.  

3.3.1.2 Research

The seminars were evaluated in a less structured manner.  Contents, quality and set-ups of seminars were discussed at weekly project meetings, and a web-based questionnaire was available for all partners to fill out, evaluating the quality of the audio and video and a box for general comments.  The questionnaire had two sections, one dealing with the research activities (seminars) and one dealing with administrative activities.  

3.3.1.3 Administration

Like the research sessions, the weekly meetings were not rigidly evaluated.  Quality issues were discussed during meetings and were recorded in the minutes.  The meetings were also evaluated in the web-based questionnaire described in section 3.3.1.2 above.  

3.4 Summary and Conclusions

Throughout the PIPVIC project, users were encouraged to assess the quality of the audio and video received during the structured activities.  Teaching activities were followed up with focus group discussions and questionnaires given to the tutors and students to fill out.  

The two main obstacles in obtaining data to help the assessment process was:

1. Users do not want continuously to fill in questionnaires and be interviewed etc.  which limits the continuous subjective data measurements possible.  

2. Tools for automatically processing large amounts of objective data were not available until the very end of the project.  

The first problem is insurmountable.  The only solution is to make regular questionnaires short and easy to fill out, multiple choice being better than open ended answers etc.  If a final evaluation session is envisaged, the date for this should be set at the beginning of the trial along with the dates for the tutorials.  

The solution to the second problem – not having tools for automatically process large amounts of objective data – came too late to be of significant use in the PIPVIC project.  The tool, which is described in Deliverable D1 [2], will however be very useful in any future trials.  

4 Results

4.1 Introduction

Using the methods described in section 3, a large amount of data concerning the structured activities was collected.  The results will be presented under the headings: session quality ratings (users’ perception of audio and video quality during sessions – section 4.2.  These results are duplicated in PIPVIC Deliverable D1 [2]), task-related assessment (how well does the technology support the tasks that users were trying to achieve using videoconferencing – section 4.3), and overall assessment (general usability issues relating to the whole set-up – section 4.4).  

It is worth bearing in mind, when reading the following sections, that the tools which were used, are packaged research platforms and not commercially released tools.  This has advantages and disadvantages.  The tools have “rough edges” which will inevitably affect usability.  On the other hand, because a number of the tools are still being developed, it has been possible to modify and update the tools throughout the project according to requirements identified through using them for the structured activities.  Many of the problems encountered with the tools during the project have already been rectified.  

At the time of writing, the Mandarin course has only just been evaluated.  The start of the course was delayed as it was decided to wait until the audio problems on the Windows95 platform had been solved before beginning the course.  Results from the Mandarin course are therefore not included in this report.  

4.2 Session Quality Ratings

In this section the results from subjective assessment of audio and video quality during the structured activities are presented.  Subjective assessment of audio quality is particularly important to the aims of the PIPVIC project.  If the audio is not good enough for the structured activities described in this report, IP based videoconferencing faces a bleak future.  Good video quality is also, though secondary to audio, important in cases where video is not just a redundant media, e.g.  in language teaching for beginners in order to support pronunciation.  The results indicate that audio and video quality experienced during the trials was generally good enough for effective teaching, research and admin tasks.  

The bulk of the assessments have been done in connection with the teaching activities.  Tutors and students are good judges as they use the technology as a means to an end.  If the technology interferes with the task of teaching/learning, they will say so.  In the following sections, results from the assessment of audio and video quality for each of the teaching activities is presented.  

4.2.1 Teaching

The quality assessments of audio and video for the teaching activities are based on three different assessments:

1. Web-based ratings of audio and video quality after each session.

2. Focus group discussions after the course.

3. Questionnaires given out after the course, covering among other issues, quality of audio and video.  

4.2.1.1 French for Lawyers

Generally the quality of the audio and video which it is currently possible to transmit over the SuperJANET network is adequate or nearly adequate for a specialised language course like French for lawyers.  

The students and tutor were asked to rate the quality of the audio and video in terms of how adequate they thought the audio and video was for taking part in the tutorial.  The rating consisted of a number between 0 – 100.  

The quality of the audio and video from the videotape being played out during the tutorials was considerably worse than the quality of the audio and video which was transmitted from the students and tutor.  However, the web-form only had two boxes for them to rate the quality, one for audio and one for video.  It is therefore not always clear whether they rated the quality of the video and audio from each other or the audio and video from the videotape, or a combination.  

The students rated adequacy of the audio in general to be between 70 and 95 per cent (see Table 1).  One student rated the audio to be 50 on one occasion, but the accompanying comment shows that the rating concerns the audio from the videotape.  The audio from the videotape was affected because the VCR playing out the video broke down during the tutorial.



19/01
21/01
26/01
28/01
02/02
04/02
09/02

Student1
80

90
50*
90

70

Student2
85
85
90
90
95

85

Student3
80



80



Tutor





75


Table 1: Audio Ratings French for lawyers *Comments suggest that ratings relate to the videotape – which broke down that day.

The quality of the video images was rated to be between 70 and 100 per cent in general.  Again, the two ratings 0 and 50 relate to the quality of the video film on the day that the VCR broke down.
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Student2
85
90
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50*
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Student3
90







Tutor





70


Table 2: Video Ratings French for lawyers *Comments suggest that ratings relate to the videotape – which broke down that day.  

The video sent from the tutor was 8 f/s, 128 kbps, and quality 10.  The video from the students was 4 f/s, with the other settings being similar.  This might account for the tutor’s lower rating of the video (70 as opposed to the students’ which average 86.5).  The video from the Silicon Graphics Indy workstations in Exeter also suffered from high transmission loss, the reason still being unknown, which made the video images from Exeter seem much less clear than the one of the tutor from UCL.  

The tutor and students were asked to rate the overall quality of the audio and video throughout the tutorials in the questionnaire they filled out after the course had finished.  Again, they were asked to rate the quality of the audio and video in terms of how adequate it was for taking part in the tutorials.  The rating scale was an unlabelled vertical line, 22 cm, with a + at the top and a – at the bottom, where the top end of the scale would represent the best audio/video for the tutorial and the – the worst audio/video for the tutorials.  The rating consisted of putting a mark on the line.  The mark was subsequently converted into a percentage.  

The overall rating of the audio and video quality, which students and tutor rated in the questionnaire, show roughly the same results as the weekly ratings (see Table 3).  The questionnaire allowed the tutor and students to rate the audio and video from the video film separately from the audio and video from one another.  


Audio
Audio 
(Video film)
Video
Video 
(Video film)

Student1
97
90
84
80

Student2
92
75
88
69

Student3
88
73
93
85

Table 3: Ratings of overall audio and video quality French for lawyers

The students rated the overall audio quality from the tutor and each other to be between 88 – 97 out of 100, and the audio from the video film to be between 73 – 90.  Generally the audio on the video film was worse because of the degraded quality on the videotape itself and the poor quality VCR which was used for playing out the videotape.  The overall video quality was rated to be between 84 –93 and the quality of the video from the video film to be between 69 – 85.  

The results highlight the importance of good quality teaching material and peripherals like videotapes and VCRs.  Video footage which is being used in tutorials should ideally be recorded digitally to avoid the inevitable degradation that follows when videotapes are being recorded and copied etc.  

The results also show that the web form was not detailed enough for accurately measuring the quality of the audio and video because the quality of the videotape was so much poorer than the quality of the audio and video from the participants.  Future forms should have space for rating video and audio from different sources individually.  

From the answers given in the forms, we have also noted the importance of finding a suitable vocabulary for use in questionnaires and rating scales.  In this case it should have been made clear what was meant by the word video (video images of participants or videotape).  

4.2.1.2 Spanish for Lawyers

The quality of the audio and video was, with a few exceptions, deemed to be adequate for the tutorials.  The average rating for the audio was 75 per cent, and this includes a rating of 95 from one of the students accompanied by the comment: 

Audio quality was very good today and there was no sign of the gaps that interrupted the last session… for what we did today the sound could not have been better.  

This confirms our suspicion that we cannot expect a rating of 100 per cent even if the quality is found to be adequate.  

However, the tutorials did suffer from broken up audio at times.  The low ratings at times seem to be due to an echo which interfered rather than packet loss.  The echo was probably caused by a faulty headset which one of the students was using.  The quality of the video was also generally adequate.  Though, the students did not find the video image of each other and the tutor crucial for the tutorials, they found that if it was there, it should be fast enough to allow lip synchronisation to take place.  The quality (framerate, resolution and size) of the video film should be sufficient to read any subtitles and other text which might appear.  This will be different from film to film.  

The audio quality overall was very good.  The average rating of the audio quality was 75 per cent.  Both students and tutor felt very happy about their ability to hear one another particularly with respect to their understanding of the Spanish words and phrases.  The students did, however, feel that the audio quality of the videotape was not good enough for them to fully understand the Spanish, given their level of language proficiency.  This is most likely due to the quality of the tape recording itself since the programs are quite often recorded from one tape to another in order to produce the final version.  Another difficulty, which unfortunately was not discovered until after the session, was that silence suppression had been kept on in RAT through which the videotape’s audio was being transmitted.  This had a tendency to clip parts of the speech and since most of the background sounds such as music are cut out, it can sound very interrupted and is difficult to comprehend overall.  

The problem of background noise experienced during the French for Lawyers course, which had previously been attributed to a faulty set of headphones at Exeter, unfortunately had not been resolved.  There were a number of sessions where the students and the tutor complained of a continual disturbing background "hum".  

In focus group discussions after the end of the tutorials, the students mentioned that they had found the volume amongst participants to be unbalanced.  RAT does not loop back audio, which means that participants cannot hear how loud or quiet their own audio sounds in comparison with the audio from other participants.  Each session should therefore always begin by adjusting the level of the volume from all participants to ensure that the levels are equal.  The students were not aware that adjusting individual volume levels is trivial (for small groups), and never thought to ask.  However, even though adjusting audio levels is trivial, the fact that is was a problem implies that an automatic gain function in RAT would be desirable.  

As was found in the French for lawyers’ evaluation, it is noticeable that there are often misunderstandings amongst participants with the meaning of the term "video".  In a session where a videotape has been played, questions such as "Please rate the video quality" will often receive an answer purely relating to the tape that has been shown.  For future trials, it may well be worth developing a different terminology to eliminate these discrepancies.  

The quality of the students’ and tutor’s video was generally regarded by the participants to be adequate for the purposes of the tutorial.  The average rating was 78 per cent.  The students received a mix of video quality from UCL, as the frame rate differed depending on who provided the technical support at UCL at each session.  The tutor’s image would either be transmitted with 8 f/s or 2 f/s.  This however, produced some interesting reactions from the students.  They did notice that the quality changed, especially when the framerate dropped and that comprehension deteriorated as the lip synchronisation deteriorated.  The video image, although not the most essential part of the videoconferencing tool-set, definitely helped to make the students feel more at ease and comfortable in conversing with the tutor, this becomes even more important in a situation such as this where the participants are conversing in an unfamiliar language.

The videotape was more of a problem.  Over the course of the tutorials, two tapes were shown.  One of them was a documentary about euthanasia, the other a scene involving a lawyer and his client.  The documentary was overall easier to understand because the soundtrack was mostly narrated at a slower pace than normal speech.  Unfortunately the programme was based around a village in Spain which speaks more of a dialect, as opposed to pure Castellano, and subtitles were included to help with the comprehension of the language.  The video images were not big enough to adequately read the text of the subtitles and so the students suffered as a result.  The second video was much harder to comprehend than the first.  The speech was much faster and the quality of the actual video recording was not very good, and since the main part of the video was the dialogue with very little help from the visual images, the students found it mostly incomprehensible.  

Halfway through the tutorials, the students switched to using an integrated interface rather than individual tools.  In the integrated interface, it is only possible to enlarge one of the images at any one time.  According to the technical support person in Exeter, this vastly improved the quality of both audio, video and shared workspaces for one of the students who until then had used up most of the computer’s CPU power, opening, closing and moving windows around on the screen.  

4.2.1.3 Polish for beginners

The course was heavily influenced by technical difficulties.  It was hoped that the SHRIMP software tools would be running as well on the PC’s as it had been in previous teaching activities on UNIX workstations.  However, due to unforeseen complications many of the problems with the tools were not solved during the duration of the course.  There were sessions which went much smoother than others, and in every session there were periods of good audio and video quality although the problems were often more apparent than the positive aspects in the post-session evaluation questionnaires.  

Initially the students felt uneasy with the lack of synchronisation between the video and the audio, coupled with the problems associated with the tools in producing very inconsistent audio and video quality.  They felt that from a beginner’s point of view, good audio quality was essential in learning the pronunciation and being able to converse with the tutor in an unfamiliar language.  The tutor felt that having such inconsistency with the audio quality made teaching from her point of view very difficult, because she was not always aware how much the students had understood or indeed heard.  

The participants noticed a distinct difference in performance between the two PC’s at Essex, due to the processing power of the individual machines.  One had a 133 MHz chip, the other 166 MHz.  The slower machine would cause the participant to lose packets of audio and video and for a while the tutor was unaware of this difference leading her to believe that the students were at different levels of advancement in the language.  The students commented to the effect that any movement of windows on the desktop could cause disruption to the audio stream, this was not very satisfactory at a time when full concentration was required in listening to the tutor and watching the shared workspace.  From a physical point of view, one of the observers noted that the image of the tutor was not as clear due to light coming from the side.  When strong light, such as daylight, is coming from behind or slightly to the side of a participant, the face of the participant will appear dark.  The cameras in Essex were positioned to face away from the windows, and the images of the students were much clearer as a result.  All participants commented that the quality of the audio and video seemed to improve over the duration of the tutorials.

This gradual improvement of the perceived quality of the audio is a trend which has been noticed in other videoconferencing language tutorials.  It is important to bear in mind that both students were absolute beginners in Polish.  They felt that initially their lack of knowledge of Polish combined with the problems associated with the audio quality, made it very difficult for them as beginners to progress.  However, they did feel that as this initial language barrier began to lower, their progress became easier.  It was particularly interesting to note their comments regarding the nature of conversing in the language using the VC tools:

Question – Were the difficulties that they encountered accreditable to the nature of the language or would it apply to any beginner’s course using the videoconferencing tools?

Answer – I think it’s something to do with the language, just the pronunciations.  For English speakers anyway.  Sometimes you wouldn’t exactly hear what the tutor said, and you didn’t feel like you could ask her to repeat it.”

When the Polish tutor was asked to comment on this subject she said:

I could tell whether they were pronouncing it correctly, I don’t know whether they could really hear what I was saying.  From experience, usually English speakers cannot tell the difference between certain Polish sounds anyway, they are just not used to it.

It seems that the pronunciation problems experienced by the students, which they blamed on the quality of the audio, could in fact be “normal” pronunciation problems also experienced by Polish students in face-to-face classes.  

4.2.1.4 Italian

For all participants, the quality of audio was described as generally adequate, except where problems occurred when the speech broke up.  The average rating was about 65%, though one student gave a rating of 50%, with the comment that the speech was no harder to understand than in a normal class “except on the occasions when the speech became ‘gappy’ or broken up”.  When asked what would make the audio better, the main point here was “no gaps”.  

Again, with other participants, it was this unpredictable variability in voice quality that was the man cause for complaint (“sometimes difficult”, “OK normally, ..., then sometimes for no apparent reason there were gaps.” were typical comments).

This concern about reliability also extended to the system as a whole.  The tutors commented that they always felt “on the brink”, that the system might crash at any point.  There was a general comment that this feeling of mistrust in the reliability of the technology lessened as the tutors became more familiar with using it and found ways of dealing with the poor quality or loss of a medium; the more experienced tutor said that she prepared up to three lesson plans in advance, “to cope no matter what failed”.  It must be mentioned that as the course progressed, the reliability improved significantly (fewer whiteboard crashes in particular).

For the video images, the most commonly mentioned problem was the lip synchronisation.  As the video images in the sessions were generally set with relatively low frame-rates, there was little possibility to synchronise audio and video, and this seemed to cause confusion generally.  One student mentioned that she could not use lip-reading “as a means of comprehension support”, but also felt that the video added that “it’s important to see there is someone at the other end - for consistency/security - and interesting to see who was smiling/laughing and when!”

The evaluation session confirmed this – the video images were generally not used to aid language understanding but it did confirm the presence and reactions of the other participants.  One of the tutors felt that the video was “better than nothing” (i.e.  no video at all), but that lip-sync would be the “cheese on the pasta”.

The audio-video synchronisation was perceived as particularly problematic when the video clips were being played out from a VCR.  With some, there were scenes with much more movement than just a ‘talking head’, which caused the frame-rate to drop considerably, and this may have been the cause of the particular problem.  The size of the video clips was also discussed; given the possibility, the tutors and students would have liked the option of viewing the video full-screen, or at least larger than the enlarged image in the integrated interface.

4.2.1.5 Social Sciences

The audio quality was once again deemed adequate for the purposes of the seminars.  Most of the concerns of the students in the post evaluation session were directed towards the framerate and the clarity of the wall projector.  A comment from one of the students:

Occasional losses and break-ups disrupt the cohesiveness of the lectures, however the main points can always be understood.

Hearing the lecturer’s voice through the speakers on the wall rather than through the speaker built into the PC was preferable for the participants at SSEES.  They were also happy with the fact that it was possible to interact with the tutor during the session.  However, it was recommended that access to the microphone be made easier.  If each student or pair of students have their own microphones, it is easier to interrupt, and to have discussions involving more than one person in a room could be heard by the tutor.  The nature of the sessions determined that the students would frequently wish to interrupt the tutor to clarify an issue or to contest a point.  

The video quality was more of an issue.  One of the participants at SSEES explained that having a hearing impairment meant that he relied far more heavily on the body language and lip movements of the tutor than students would normally do.  He felt that the low framerate which the tutor’s image was transmitted with was not good enough to achieve this.  In retrospect the rate of 3 frames per second which was being transmitted from Essex was very low although due to the state of the tools at the time it was simply not possible to transmit any more for fear of overloading the PCs.  In more recent sessions it has been possible to successfully push the framerate up to as high as 15 frames per second which is more than adequate for lip synchronisation.  When asked to comment on this, the participants felt that it would be a great improvement and would enhance the learning process:

a bigger image would make it easier….as personal contact always helps a student to follow a lecturer

It is not possible to really draw any solid conclusions from the users’ rating of the audio and video quality since the consistency of attendees was so variable and the number of web-forms returned were very few.  However following are the results which we were able to obtain:
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Table 4: Audio Ratings Social Sciences
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Table 5: Video Ratings Social Sciences

Since the four lectures were given by three different lecturers, it is hard to draw conclusions from their individual ratings.  The lower rating of the video quality by one of the students in the final lecture can possibly be explained by the complications over projecting of the computer screen on a low-resolution projector.  Unfortunately, the limitations of the equipment meant that it was not possible to adequately project a clear image of both the video image of the tutor and the shared workspace at the same time.  

4.2.1.6 Mandarin for beginners

The Mandarin has only just been evaluated and results have therefore not been analysed yet.  However, comments from students and tutor and web-based forms filled in suggest that the quality of the audio and video is good, and a vast improvement over the sound experienced in the Polish trials.  Mandarin is a tone language, which adds further complications to pronunciation.  Comments from the tutor indicate that the students’ pronunciation is better than students he teaches in face-to-face classes.  He feels that the headphones intensify the sound and makes it easier for the students to concentrate on hearing nuances.  

One student commented:

This method of teaching seems to be useful, in the close contact one has with the tutor, and the concentrated method of listening to speech.  Problems encountered have been:

Lack of audio/visual co-ordination.
Occasional distortion of sound.
Delay in sound from other sources.
Echo.

However, these problems with the exception of the first have been occasional, and have not seriously impaired the course.

Regarding the video, the main concern is the lack of lip synchronisation – though one student has commented that listening to the sound first and then seeing it being pronounced was actually a great help in learning the pronunciation of words.  The frame rate of the tutor was quite high, 10-12 frames per second, and apart from camera angle and lip synchronisation, students were pleased with the quality of the video.  

4.2.1.7 Communications and Networks Course

With the good network connectivity between UCL and Westminster (a direct tunnel through intermediate sites was used) there were no occasions when packet loss caused a deterioration in sound or video quality.  Audio problems were caused by poor sound cards or inadequate or incompatible microphones.  PCs running Windows 95 were not used, so there were no difficulties in using WB.  

The trial took place before the quality rating scale was introduced, however the students were asked their opinions using a summative questionnaire.  19 students completed the questionnaire.  It was a specific decision not to ask students about the audio and video quality directly, rather to ask questions about their participation and obstacles to participation with the objective that students would highlight channel quality issues if they thought they were significant.  About half of the students mentioned that the audio caused some problems and had impeded the sessions.  It is unfortunate that it only takes one participant with a poor microphone or sound card to transmit poor sound and then the other participants all suffer even if the audio is very good elsewhere.  No student remarked on problems caused by lack of lip synchronisation.  Very few participants commented on lack of quality in the video channel, however most said that the improved video from halfway through the course had made visual communication better as it had allowed for more and better non-verbal communication.  The only criticisms of the larger video image windows were due to the cluttered screen layout and insufficient spare space to accommodate them.  When asked for aspects that could be improved, many said that larger images and faster frame rates would have improved the learning experience overall.  

4.2.2 Research

The quality of the audio and video for the seminars was generally good.  Subjective ratings after the last four seminars averaged 91 for the audio and 87 for the video.  

4.2.2.1 Audio

Except for occasional problems like a humming microphone at UCL during one seminar, audio generally came through very clearly from all speakers.  During seminars, the speaker would normally transmit with silence suppression turned off, and redundancy turned on.  All other participants would have their microphones muted.  

Audio problems would sometimes occur at the end of seminars during the question and answer sessions.  One problem was the difference in volume levels from different participants.  Without adjusting the audio levels from all participants in advance, there is no guarantee that when participants ask questions at the end, that the individual volume levels are going to be right.  

The other problem is feedback when audio is played out through loud speakers in a lecture theatre (a lecture theatre was always used at UCL, and on some occasions at SSEES).  In effect, the speaker had to use push-to-talk during question and answer sessions which can inhibit natural discussion – especially because the push-to-talk was often controlled by somebody else rather than the speaker because of an awkward positioned workstation.  

4.2.2.2 Video

The quality of the video was, on average, good.  The quality of the video from seminars given from desktop computers was particularly good as even low frame rates are adequate for a ‘talking head’.  The quality of the video from seminars given from the lecture room at UCL was of more varying quality.  The room had to be darkened so the audience in the room could see the projected slides, which meant that the speaker would also be in the dark, hence transmitting dark images.  At one of the seminars given from UCL, the speaker had prepared a large Powerpoint presentation which could not be imported into WB as usual.  The slides were displayed locally at UCL and the camera pointing at the speaker transmitted the slides shown in the background.  The slides were nearly readably, and the ratings for the quality of that particular seminar averaged 84.  

4.2.3 Administration

The quality of the audio and video during the weekly meetings was very mixed.  Initially, the Windows95 problems were so severe that one site felt that the quality of the audio was so bad that they might as well not have attended the meetings in the first place.  Towards the end of the project, the audio quality on the Windows95 machines improved dramatically, both due to bug fixes in the audio tool, but also because several Windows95 machines used for PIPVIC activities were upgraded and were hence more capable of coping with the demanding task of decoding up to 15 individual video images simultaneously (settings for the video transmission differed from participant to participant, but typical settings were a maximum of 2-4 fps, 128 kbps, using h.261 encoding with quality 10).

The two first meetings in May got average ratings of 79 and 77 for the quality of the audio and 87 and 79 for the quality of the video respectively.  The quality of both the audio and the video varied substantially between participants.  

The meetings had 10 – 15 people attending from up to 7 sites, all transmitting video at 2-3 frames per second, all transmitting and receiving audio and all having access to NTE.  Unlike the teaching sessions where we encouraged students and tutors to leave their microphones open though out the tutorials, we encouraged people to mute their microphones when not talking at the meetings to avoid too much background noise.  

The main problem with the video was for the individual machines to cope with the amount of video that had to be decoded.  The large amount of thumbnail images also meant that the VIC window containing the thumbnail images had to be enlarged to accommodate all the images, causing problems of fitting all the windows belonging to the different tools onto one screen.  Certainly, there was not much space left for enlarging any of the individual images.  Nevertheless, both network and machines seemed to cope reasonably well with the many video streams, and 2-3 frames per second were adequate for project meetings.  

The main problem with the audio was the varying level and quality from each participant.  The variety of workstations, PC configurations and headsets used, caused each person to appear very differently.  Ideally the audio tool should be able to adjust volumes automatically – or at least cap maximum output as accidentally being subjected to very loud audio can be very painful.  

4.3 Task-Related Assessment

In section 4.2 we looked at users’ perception of audio and video quality during structured activities.  In this section, we try to assess how effective IP videoconferencing, the conferencing tools in particular, is for the three kinds of structured activities.  Again, we found that the tools are, on the whole, appropriate for supporting teaching, research and admin activities.  But again, different applications (and even different users) have different requirements.  A number of shortcomings and suggestions for new functionality will be listed below.  

4.3.1 Teaching

The teaching activities in the PIPVIC project have varied greatly.  The language courses have represented two extremes of the scale with two beginners’ courses and two advanced courses.  They have varied in set-up, from small group tutorials in the case of the language courses, to lectures in the social sciences course.  Apart from French for lawyers and Spanish for lawyers which had similar requirements (both being advanced courses, based on teaching French/Spanish law in French/Spanish), each of the teaching activities revealed different needs (beginners courses needed good audio and clear video images of the tutor’s mouth to aid pronunciation exercises, Mandarin needed graphics tablets for drawing Chinese signs, social sciences needed projector for a lecture room type setup etc.) 

4.3.1.1 French for Lawyers

The results presented here, cover both French for lawyers and Spanish for lawyers.  

On the positive side both students, tutors and observers were pleased with the ability to show video films as part of the tutorials.  Using a video clip, e.g.  showing clips from French news broadcasts and Spanish law cases, was in fact the students’ main point of praise, the main reason being the opportunity to listen to authentic French/Spanish in different dialects.  

However, due to the fact that the video films had not been digitised, the set-up for controlling the play-out of the video films was awkward.  Tutors need to be able to access video films easily.  An application for easy access to and easy control of digitised video films is currently being developed at UCL.  

On the negative side is the fact that the system does not support the students working individually on the shared workspaces very well.  Currently it is possible for the students to work on individual pages on WB, and individual parts of text in NTE.  However, it is currently not possible for the tutor to see the work of all the students at the same time.  

The system does not support group work at all.  It is currently not possible to divide the students into groups and have them work together.  To allow this, it must be possible to split up the audio and video streams.  The tutor should be able to join any of the groups at any one time, and when joining the group, have access to the audio, video and shared workspaces of that group.

The students were very keen on using the shared workspace tools.  They liked having their work corrected immediately, and that they had equal access to the whiteboard along side the tutor.  But they missed being able to type French/Spanish characters (only the English character set was available in WB and NTE).   

They also commented that the shared workspaces were not ideal for the fill-in-gap exercises.  The tutor would play an extract from a videotape, and the students were required to fill in the gaps in the text in the shared workspace on the basis of what they heard on the videotape.  Spending mental resources on making sure the cursor was in the right position for writing caused them to forget the sentence before managing to write it down.  The fact that the shared workspaces did not always update promptly, caused embarrassment because the students felt that the tutor would not realise that they had, in fact, written more than a few scattered words.  

Both students and tutor expressed interest in having a “private” workspace as well as the shared workspace, between which text can be cut and pasted.  

Tutors complained that it took longer to get through material in the remote tutorials than it would normally do in a face-to-face class (this differs from tutor assessment of earlier ReLaTe trials – see Hughes & Sasse [7]), whereas students felt that they learned much more than they would in a normal face-to-face class.  

Tutors also felt that it was difficult to “see” the students.  They could not see whether the students were paying attention, or whether they could understand what was being said as well as in face-to-face classes.  

In general, tutors found the system more inhibiting that the students did.  They felt that they were responsible for the smooth running of the course, and would feel responsible for all technical problems including network problems.  It seems that feedback from the tools about how well other participants are receiving them is desirable, together with information about whether the sender can rectify a problem or not.  

Both tutors and students felt that tutorials conducted remotely were neither better nor worse than face-to-face classes, simply different.  

4.3.1.2 Spanish for Lawyers

The results from Spanish for lawyers are presented together with the results from French for lawyers in section 4.3.1.1.

4.3.1.3 Polish for beginners

Overall the students and tutor felt that the trials had been worthwhile and enjoyable.  It was most unfortunate that the trials had to take place at such an experimental stage with regard to the tools.  It was, however, possible to draw some useful conclusions from comments which were made regarding the general functions of the tools aside from all the complications which were experienced in operating them.

The shared workspace WBD was initially used until a version of NTE which allowed Polish characters to be written, was produced.  WBD had, at that time, a number of problems.  There were inconsistencies in transmitting data which made it difficult to be sure whether all participants were viewing the same information on their screens.  The participants felt that much time was wasted ensuring that everyone had the same information in front of them.  When the ‘Polish’ version of NTE was made available it became possible for the students and tutor to write Polish characters on the screen.  The tutor made great use of this feature in her teaching although, again, there were problems ensuring that data was always transmitted to everyone.  They also felt that the Polish key combinations that had been programmed into NTE were not intuitive to use.  In a discussion about the most practical solution to this problem, the Polish tutor explained the system which is used in Poland.  Instead of producing Polish keyboards with specific Polish lettering, they simply create special characters using the ‘Alt’ key plus the corresponding alphabetic character key.

One of the observers, herself an experienced teacher, reinforced the notion that it is important that we do not evaluate in terms of how well the tools support face-to-face tutorial done remotely.  Instead we should concentrate on finding out in which cases remote tutorials are superior to face-to-face teaching, and encourage future language teachers to make the most of this.  She referred specifically to the benefit of having a shared workspace to which both students and tutor can contribute.  This allows the tutor more opportunity to give individual attention to students’ work and to monitor each participant more closely.  It was also suggested that being connected to the workstation by headphones gives an individual a feeling of being much more connected to the other participants in the tutorial.  The concentration is more intense due to the pronounced individual attention which the tutor gives and receives and thus the potential for learning in that respect is greater.  

The students and tutor felt that it took some time to familiarise themselves with the technology, and specifically in this example with the complications over producing the Polish characters on NTE.  These usability problems should be fed back to the developers in order to improve usability in new versions of the tools.  Until then, we have to set up training sessions for students and tutors to ensure that they feel comfortable using the tools before they begin to use them in earnest.  

4.3.1.4 Italian

Perhaps the most frequent comment made regarding the teaching style/method was the need for the tutor to control the session (as the chair of a meeting would do), indicating which of the students should contribute next, and prompting explicitly for answers or comments during the session.  In particular, the tutors at Aberystwyth noticed that the Exeter tutor, who had considerable experience in using the system for teaching, was able to direct the conversation and keep the lesson flowing, without awkward pauses or confusions.  

Some method of indicating who wanted to speak was also asked for.  Typical comments included:

Q: What would make the audio better?

A: Some means of indicating that you want to speak...

and 

The barriers were things like ‘who speaks next’ rather than the technical problems.

The video clips were generally well received, with the tutors being particularly keen to use them in their lessons, perhaps as a break from the very intensive atmosphere of the tuition itself.  Related to the technical problems of quality and synchronisation discussed previously, the tutors recognised that the video clips needed to be carefully chosen from experience of those that had worked well previously.

One of the tutors also added that it would be useful to play the audio and the video from the videotape separately in order to focus on different aspects of the clip.  This was done in a previous sessions (under the ReLaTe project), and was successful then; it is a common technique used in face-to-face language classes.  

Another major theme to the discussions in the final focus-group evaluations was the extra overhead perceived by the participants, especially the tutors.  It was suggested that they were having to cope with the ‘extra’ system of videoconferencing, over and above the usual tools such as visual aids and interaction.  This extra layer was especially noticeable in early sessions, and being an extra thing to concentrate upon, was considered to be the cause of some difficulties.  

However, it was thought that “this overlapping of the two systems might probably be successfully overcome with greater familiarity with the tools”, and since the segments provided by each tutor were exceptionally short – the longest being four hours in total – there was not really a chance to familiarise completely.  In relation to this, the tutors suggested the use of a graphics tablet and pen (not knowing that these were to be used in the Mandarin classes) as a more natural method of input, particularly for tutors or students who were not familiar with the mouse/keyboard methods.

4.3.1.5 Social Sciences

The students felt that the seminars were a very interesting and beneficial activity.  They felt that the most positive benefit of the technology was obviously the opportunity to teach subjects to students who would otherwise be unable to study them, but also the interactivity which it allows.  The ability of the tutor to indicate, via the shared workspace, areas or points of interest which are being discussed was, in the opinion of one of the students, a very useful way to keep the attention of the participants.  It gives the setup a more “human feel” where the two parties might otherwise feel as though the technology forms a barrier.  As previously mentioned, one of the students felt that the video quality was absolutely essential in enabling them to understand the lecturer.  

Since the tutors were only responsible for teaching one session each, this posed problems with enabling them to become accustomed with the technology.  Had they been able to use it for a number of different sessions each and under different circumstances they might have become more adventurous with its capabilities:

I could not have managed without (the technical support staff at Essex) to operate the whiteboard

For the purposes of teaching this subject there were some very positive comments:

Generally speaking I think this is an exciting teaching tool, it greatly increases a students access to opinions and other information.

For some of the lectures, a large amount of material was displayed on the shared workspace.  This impaired the quality of the audio and video which was received at SSEES, since it required so much bandwidth to send the GIF files for the mediaboard.  In retrospect it would have been more sensible to encourage the tutors to produce smaller lecture plans to display on the screen and ask the students to refer to their handouts which were sent in advance.  Alternatively, it would make more sense to display the information as a text file in either WBD or NTE as opposed to an image file in mediaboard as text files are much smaller.  
4.3.1.6 Mandarin for beginners

Mediaboard was used as shared workspace in the Mandarin sessions.  For the first four tutorials, it was only used to display slides.  During the last tutorial, mediaboard was used for the students to practice drawing Chinese signs, using graphics pads and pens.  Mediaboard proved quite successful for displaying slides – except that it is not reliable enough in automatically changing pages for all other participants when one participant (generally the tutor) changed pages.  The tutor specifically had to tell the students which page to look at rather than relying on mediaboard to automatically change pages for everybody.  Mediaboard proved less successful for practising drawing Chinese signs.  Firstly, drawing Chinese signs takes up space, and ideally each students should have their own page to practise on in order not to interfere with one another’s drawings.  Secondly, drawing or typing on mediaboard produces a little “yellow sticker” saying who is currently typing or drawing.  This “yellow sticker” partly obscured what was being drawn, making it difficult for the students to see the tutor’s drawings when he was showing the students how to draw the signs.  

The graphics pads and pens worked very well for drawing Chinese signs.  

4.3.1.7 Communications and Networks Course

The tutorial groups took a very traditional format of discussion and note taking, so the it was not required to show recorded video or allow viewing of remote objects which would have been more testing.  The tutorial were specifically designed to stimulate peer interaction and not as a forum for teaching new subject content and because of this, students were seen regularly to discuss issues on their own and in-depth, and in many cases students would help and correct each other.  There was a certain amount of social inter-play which made the sessions more enjoyable, and along side this students did not seem inhibited in the discussion of technical subject matter by the technology.  

Students said that they appreciated the use of the whiteboard and were seen to use it regularly as a medium to express their conceptual ideas during a discussion and to jot down ideas as a reminder.  A number of students commented that using videoconferencing for tutorials provided a more focussed medium for discussion than would have been the case in a face-to-face discussion.  The audio content of each tutorial was recorded and then analysed, and it was interesting to observe that educational quality improved generally week by week over the duration of the course.  (Educational quality was measured as the number of key subject related points discussed).  

The biggest detractors were not technological limitations but where issues such as participants arriving late and keeping others waiting, or poor and erratic attendance of some participants.  The overall conclusions from the majority of students were very positive.  Most enjoyed using videoconferencing and valued the video channel in supporting social interaction.  Very few commented that it had impeded their studies in any way.  

4.3.2 Research

On the whole the SHRIMP tools support research activities like seminars very well, though extra equipment such as echo cancellors, correctly positioned lights and projectors are required if the seminars are to be given from lecture theatres rather than from desk top computers.  

It is easy to transmit good quality audio and video from a desktop computer compared to transmitting video, in particular, from a lecture theatre.  Manipulating shared workspaces as part of the seminar for displaying slides, underlining points etc.  is also much easier when sitting in front of a computer than standing on a podium.  However, giving a seminar to a computer is an altogether different experience compared to giving a seminar to a live audience.  As part of the PIPVIC seminars, only one or two sites would transmit video, generally from UCL’s lecture room, and on odd occasions from individual attendees at other sites.  One speaker commented on the complete lack of feedback, as the only other image apart from his own, was the from the UCL lecture room and that was not close enough to the audience to see individual facial expressions.  He felt that it “cramped his style”, as there was no response when he made jokes, and he stopped making them altogether.  A solution to this might be for all attendees to transmit low frame rate video during seminars.  

The main problem experienced during the PIPVIC seminars was the lack of a cross platform shared workspace for displaying slides.  The ad hoc solution adopted was for participants on Windows95 machines to print out hard copies of the slides prior to the seminar, which is clearly an unsatisfactory solution.  

4.3.3 Administration

Apart from the kick-off meeting, the PIPVIC project meetings were exclusively conducted using videoconferencing.  The SHRIMP tools turned out to be very well suited for administrative activities like project meetings.  Especially NTE, which proved to be very effective for displaying the agenda and taking minutes online during the meeting.  This allowed all participants to see the minutes drafted as the meeting went on.  

Apart from the problem with varying audio levels as described in section 4.2.3, the main problems which affected task efficiency were software bugs in the tools (especially the Windows95 versions of the tools, but also NTE on the workstations) and problems with the network.  Often one or more sites would be cut off which caused considerable disruption to the meetings.  

4.4 Overall Assessment

4.4.1 Teaching

4.4.1.1 French for Lawyers

French for lawyers and Spanish for lawyers produced similar results and will be presented together in this section.  

The students were very impressed with the whole set-up, and their enthusiasm for the technology may have mellowed their critical sense.  They only had one major criticism: the audio quality on the videotape used by the tutors, which on occasions was very “broken up”.  This could have been caused by silence suppression or packet loss.  However, the French and Spanish spoken on the videotapes was “real”, which would make it more difficult to understand in any circumstance, let alone if the quality is slightly deteriorated.  

The students were taught in small groups of two or three students, and presuming the technology did not hinder their task of learning, being taught in a small group should give them a chance to learn more than in a larger group.  The students did feel that they got proportionally more out of the tutorials than in a face-to-face class with 10-12 students.  The tutorials were much more intense and because there were fewer students, they spoke more French/Spanish than they would have done in a face-to-face class.  

The issue of training was the main point raised by the tutors.  The tutors felt that it is important that prospective tutors receive thorough training in using the system before using it for teaching.  A mock-session between tutor and students was suggested, in order for all parties to get used to the set-up before embarking on the tutorials.  The tutors felt that it is important that they are taught how best to make the most of the system, before preparing the tutorials.  A document entitled “Pedagogical Guidelines for Prospective ReLaTe Teachers” has been written by a language teacher who is experienced in using the SHRIMP tools for remote language teaching, and will be made available to tutors in the future.  

The students were happy and enthusiastic about the course despite early morning, and late afternoon sessions, and technical problems (mainly in the French for lawyers trials).  This is a comment that one of the students put in the web form on the last day of the French for lawyers tutorials: 

The course has been REALLY good and I will miss the early Monday mornings.  It has been very useful – we have learnt a lot and it was thoroughly enjoyable.

The students felt that time went faster than in face-to-face classes:

time flies when you’re having fun!!

They would all take a remotely taught course again.  Their reasons range from class size:

It’s easier to concentrate because it’s more intense in a smaller group

to the novelty of using the system:

It was brilliant fun and really informative.  It has done no end of good to my French and computer skills too.  

4.4.1.2 Spanish for Lawyers

See section 4.4.1.1 above.  

4.4.1.3 Polish for beginners

It is important to bear in mind that there were only five scheduled classes in the series.  In discussions between the tutor, observers and technical staff afterwards, it was agreed that this is not generally considered to be time enough for an activity such as this.  One of the problems encountered scheduling these user trials is the problem of incorporating the classes into a recognised course unit.  In this case the attendance by the students was voluntary.  In a normal teaching situation the students would have attended a minimum of ten weekly two-hour sessions.  Taking in to account the learning curve which the students demonstrated and the fact that the students became more relaxed and familiar with the technology with each session, a prolonged series of tutorials would probably have been far more beneficial.  In the words of one of the students:

I enjoyed doing it, although my attitude to it was not very long term, I was not a very motivated student because of it.

A trial has been conducted previously which took advantage of using the videoconferencing tools as a part of a recognised degree course unit.  The evaluation of this is described in sections 4.2.1.7 and 4.3.1.7.  This trial showed that it is quite feasible and indeed more practical for all concerned to design the trials around a previously structured teaching activity thereby giving both the students and the tutor more incentive and motivation to make the sessions a success.

On a practical level, one of the students suggested that it would be more effective if the tutor were to be more clear as to who she expected to be speaking, or answering questions at any one time.  They found there were moments when the lack of body language/eye contact needed to be replaced by better audio communication.

Both students felt that they would have benefitted from meeting the tutor in person before the remote sessions to learn how to pronounce the Polish phonemes, so audio problems would not have had such an adverse effect.

It was also agreed that an essential part of preparing for the sessions should be to produce a stricter schedule from which to work.  The students felt that there was not enough guidance to the course, and would have preferred to have had a better idea of what the tutor was expecting them to accomplish over the weeks.  The tutor made some similar comments to the effect that in a normal class she would feel much freer to improvise on her teaching plan and to digress to other types of media at short notice in order to demonstrate her objective.  However in a remote tutorial she felt that she was much more restricted with regard to flexibility of teaching methods thereby requiring a much stricter lesson plan.  This is a very valid point and brings back the issue once again that the tutor should not try to recreate the classroom situation in a remote tutorial, but that the videoconferencing tools offer different qualities, and these should used to their full advantage.

All participants agreed that an important aspect of enabling the tutorials to succeed is to establish a good form of communication between each other in advance, in the absence of the natural visual contact and body language which would exist in a normal face-to-face teaching situation.  This manifests itself in a number of ways, principally:

· Establishing the protocols between the students as to who should answer/speak at certain times.

· The need for the tutor to be more explicit over who she expected to answer questions or indeed who she is talking to.

· Using techniques to differentiate immediately between individuals’ contributions to the shared workspace, such as each participant using a different colour.

4.4.1.4 Italian

The overall impression from both tutors and students was favourable, though with some caveats, especially regarding the reliability and quality of the tools generally (and audio particularly).  The students all found the experience enjoyable, and felt that they had benefitted from the sessions they took part in, improving both language skills and computer abilities.

Some students said they felt they had gained a rapport with the tutor that would not have happened in a larger face-to-face class, partly because of the small group size, but also because “there were no barriers of ‘etiquette’ to overcome before getting on with the task in hand.” There was also “no outlet to feel shy/reserved” which helped this process.  In particular, there was “less of a tutor-pupil distinction”.  This was picked up on by one of the tutors, who noted that “even the [normally] shy students were more active”.

Another student commented that a face-to-face class was more personal, and was therefore preferable – “there is no personal contact...”.  

From the tutors’ point of view, the system was perhaps a little harder to deal with, since they had to control the dialogue as well as master the technology; the early problems with tools crashing did not help their confidence, and may have contributed to this feeling.  They certainly perceived a need for some training to begin with, or at least a familiarisation session, where they could practice using the tools.  

There were also some problems with importing graphics and text into WB.  This has been addressed through set of guidelines (published after the Italian sessions had finished).  The guidelines are available from http://www-pipvic.cs.ucl.ac.uk/pipvic/guide.html.  However, a significant amount of work needs to be done before the language tutors feel comfortable with the procedures: “the solutions suggested seem cumbersome and make demands on, or unwise assumptions about, language tutors’ IT competence.”

As to the suitability of videoconferencing for language tuition, some of the students’ comments were enlightening: “As a back-up, it is an enriching element to language learning, though I would never want to see it replace the human aspect!”, and in answer to ‘would you use it again...?’, the reply “not for a brand new language...however, as a way of improving knowledge/fluency/precision with an already known language, ...  yes.”

4.4.1.5 Social Sciences

Overall the Social Science seminars were a success, and all the participants found it a very rewarding experience.  One of the problems was the time at which the seminars took place.  The final sessions were scheduled to take place in the exam period.  This accounts for the low number of student participants.  The students felt that in order for the seminars to be a success, it was necessary to produce more of an incentive to encourage students to participate.  In other trials, quite often the incentive has been the opportunity for the students to learn a subject, not necessarily for degree credit, but because it would otherwise not be available to them.  As the students pointed out however, in this instance SSEES does in fact offer a number of similar Social Sciences courses themselves and it would be necessary to find a more unique subject for remote lectures.  

A second problem was the constraint of the equipment used.  It is not really feasible to display lectures to more than a couple of students using a small PC screen.  Using a low-resolution projector means that not all windows can be displayed at the same time.  Using a projector also causes other problems: In order for the students to see the projected screen, the room must be darkened, but this means that unless spotlight are used, the tutor will receive a very dark image of the students.  

Interactivity is an important aspect of this kind of teaching, and one of the students would have liked better access to a microphone.  In this series, only one microphone was used between the students and passed around when anyone wanted to make a comment or ask a question.  This limits the amount of discussion which can take place between the tutor and students as only one students can make a contribution at any one time.  The suggestion once again is to provide better equipment: ceiling mounted microphones and echo cancellation to avoid feedback.  

The nature of these seminars required that every session was taught by a different lecturer.  Previous research has clearly indicated that the more familiar participants are with the technology, the more comfortable they feel and ultimately the more benefit they will derive from its capabilities.  It is likely that had the tutors been able to accustom themselves more with the tools over time, the seminars might have run more smoothly.  Functionality such as muting and un-muting the microphone, and how to use the shared workspaces were not known to the lecturers.  The dilemma is whether to overwhelm first-time presenters with detailed functionality, or leave them to reproduce the exact same behaviour as would be expected in a normal face-to-face lecture.

4.4.1.6 Mandarin for beginners

The tutor and students were enthusiastic and pleased with the course.  The main point of encouragement happened during the third tutorial when a Chinese girl working in the lab where one of the students was sitting came running round, very excited, trying to work out who was speaking Chinese.  Proof that the student was speaking recognisable Mandarin after only 6 hours tuition! 

4.4.2 Research

Judging by the discussion of the seminars in the weekly project meetings, the weekly PIPVIC seminars must be deemed to have been quite successful.  The content of the talks was interesting, and on the whole very few network problems were experienced during the seminars.  

4.4.3 Administration

The fact that all project meetings throughout the project, apart from the kick-off meeting, were held remotely speaks for itself.  There was never a need for additional face-to-face meetings.  The meetings were, of course, supplemented with email correspondence and telephone conversations, but all in all, the videoconference project meetings proved sufficient for project management for a large project with 6 partner sites.  

The meetings were large and technical problems were often experienced.  However, specific problems tended to be associated with specific sites.  Essex, for example, had many problems with audio throughout most of the project.  This problem ceased as soon as faster PCs were purchased.  UCL Language Centre had problems with not being able to see or hear certain other sites, sometimes Exeter and at other times Westminster.  This problem was traced to an out-of-date router in the Language Centre.  Many problems experienced in the beginning were solved during the project, but the amount and complexity of the problems indicates that technical support in terms of both network, hardware and software is still necessary for using the SHRIMP tool successfully.  

5 Recommendations for Use of Videoconferencing in remote teaching

Following is a list of recommendations for use of videoconferencing which was compiled for the workshop for tutors at the beginning of the project.  The list is in the form of DOs and DON’Ts.  Please note that some points reflect individual preferences rather than being the unequivocal truth.  

5.1 Do - In preparation

· schedule students to turn up before start time (setting up takes time) 

· check connectivity for audio, video and imported texts/images 

· send materials by fax/email in advance of session 

· give materials to technical staff in advance of session 

· get the students to prepare issues to discuss before the session 

· turn up before start time yourself 

· check volume levels - bring all volumes down to match the volume of the quietest participant 
 

5.2 Do - audio & video

· use voice activated - they appear to feel freer to encourage and interrupt each other more 

· check that you are actually in shot 

· check that lighting is adequate 

· Mute microphone before taken headsets off as dumping a microphone on a desk can sound very loud to other people in the conference.  
 

5.3 Do - WB

· use different colour for each participant on WB 

· show students how to undelete on WB

· create a blank page rather than deleting, when out of space 

· save contents of WB after tutorial if useful for students 
 

5.4 Do - NTE

· use different colour for each participant in NTE 

· lock imported text, so not accidentally deleted (undo not implemented) 

· make use of document map to detect activity outside your "field of vision" 
 

5.5 Do - During the tutorial

· have a break in 2-hour sessions 

· agree what notes are required 

In case of technical problems: 

· Have contingency plans (Unicast or telephone - remember WB + NTE are the last to go) 

· Chat to students on line when waiting for faults to be remedied with other participants 

In general 

· Engage quieter students in conversations and encourage them to use the WB 

· Establishing the protocols between the students as to who should answer/speak at certain times.
 

5.6 Don't

· use a book to work from during remote tutorials 

· accept coursework electronically (printing takes a lot of time) 

· talk too much.  The point of video conferencing is for everyone to engage in dialogue 

· put individuals on the spot too much (the intensity can be a reason for staying away) 

allow changes in tutorial group participants from one week to the next.  (they need to get to know a small group)

6 Conclusions

In this report, assessments of the structured activities of the small-scale pilot are presented.  The partners feel that the small-scale pilot has been a success.  All three types of collaborative activity (teaching, research and admin) have been supported successfully.  85 teaching sessions, 11 seminars and 24 weekly meetings, starting from week 2 of the project were carried out (see Figure 1).  Out of the total, 2 were abandoned.  All courses were completed, only one student abandoned the sessions.  This is very encouraging, especially since 2 partners sites (SSEES and Essex) were completely new to IP videoconferencing.  However, it should also be acknowledged that the resources and effort contributed by partner sites exceeded the provision of the project; without the patience, resilience, goodwill and voluntary contributions from additional technical staff, research staff and the tutors, the pilot would not have succeeded.  


Activities
No.  of Sessions
No.  of Conferencing Hours

French for Lawyers
9 
10 

Spanish for Lawyers
7 
10 

Mandarin
5 
10 

Polish
5 
10 

Italian
7
10 

Aspects of the Post Communist Transition
4 
8 

Communications and Networks
48
48

PIPVIC Seminars
11
11

PIPVIC Meetings
24
24





Total
120
141 

Figure 1: Overview of Conferencing in PIPVIC
In addition to the technical recommendations from PIPVIC Deliverable D1 [2], the following findings should be considered prior to a large-scale pilot:

1. The current bandwidth seems to be just high enough for most of the structured activities.  The teaching and research activities only suffered greatly on rare occasions.  The admin activities, represented by weekly project meetings, were the only activities to regularly reach the limit of the current bandwidth.  With increasing uptake of IP videoconferencing, however, multiple sessions will occur at the same time, and more bandwidth, or a booking mechanism, will be required.

2. The meetings had up to 14 participants from up to 8 locations (UCL Computer Science dept., UCL Language Centre, SSEES, Essex, Exeter, Aberystwyth, Westminster and UKERNA).  In project meetings at the beginning of the project, the framerates of the video from all participants had to be limited to 2 frames per second in order for the Windows95 PCs to cope.  Now, towards the end of the project, the Windows95 PCs can handle large amounts of video without problems.  However, 14 video streams, approximately half of them transmitting up to 8 frames per second, proved to be too much for most of the participating PCs and workstations, and framerates had to be lowered to 2-4 frames per second again.  Voice-switching of video and higher framerates for active speakers would be a useful addition to the current tools.

3. The subjective perception of the quality of audio and video, which was received during the structured activities, is with the current loading of the network, adequate or nearly adequate for structured activities undertaken.  See following points for a discussion of problems with audio and video tools.  

4. Audio problems experienced were mainly due to problems with the actual audio tool, RAT, and audio hardware, rather than packet loss and other network problems.  The silence suppression would often cut users off.  This was partly due to problems with microphone impedance not matching audio cards (especially on PCs); difficulties in choosing the correct audio encoding for network conditions (the recommended audio encoding is dvi/dvi, which is very resilient to network loss, but uses up relatively more bandwidth.  Dvi/dvi is furthermore not the default setting at start-up from command line), faulty headsets, problems with not using echo cancellors when using speakers etc.  Clearly, detailed test procedures need to be carried out by technical staff on each configuration, rather than letting end-users “debug” configuration and impair the quality of their sessions.

5. Video problems during seminars, lectures and tutorials are mainly due to the lack of lip synchronisation.  Lip synchronisation is less important the better the user speaks a language, but for beginners in a language tutorial, it is essential.  It is less important for project meetings, especially large meetings where video is used at low frame rates.  However, most users expressed a clear preference to having audio and video synchronised if possible.  Therefore, developers of RAT and VIC should be urged to implement lip synchronisation as soon as possible.

6. Whilst sufficient audio quality is the condition sine qua non for successful videoconferencing, video quality required depends very much on the task.  For meetings, video at 2 fps seems to be adequate, whereas even 8 fps, which seems to be adequate for most language teaching (bar the lip synchronisation), may be too slow for reading subtitles on video films being transmitted.  

7. The shared workspaces are essential tools in supporting HEI collaborative activities.  However, the current tools, WB and NTE suffer from a number of problems.  WB is not available on Windows95 platforms and its clone WBD too unstable for serious use.  NTE is a true research platform and has been left with a number of un-implemented features and bugs which can interfere with the user’s task when using it.  Neither workspace easily supports “foreign” keyboard mappings (WB not at all), and neither workspace is ideal for students doing individual work.  Neither tool has congestion control built in, which makes it problematic for the network when importing large PostScript or text files.  Shared workspace tools is one area where further tool development is required.

8. Facilities for showing video footage are not ideal.  Easy access to video footage would be a great advantage for language teachers.  A web-based facility is currently being built at UCL allowing easy access to digitally stored recordings.  

9. SDR, which should ideally automate a great deal of the work starting up the tools, does not adequately support the needs of the structured activities in the PIPVIC project.  Certain essential command line options cannot automatically be set in SDR, e.g.  the –P flag in WB to override the maximum PostScript file size.

10. Because no eye contact can be made in a videoconference, conferences have to directed differently to face-to-face encounters to indicate who is to answer questions etc.  

11. Many of the non-PIPVIC partners involved in teaching activities commented that they felt that they gained not just from the language they were taught in the case of students, but that they also gained invaluable computing experience.  

12. Tutors felt “responsible for technical problems”- this means that the strain resulting from lack of technical preparation and support is likely to affect tutors.

13. Beginners versus advanced? Among students the general consensus was that the technology was not suitable for beginners, especially because of the degraded audio compared to a face-to-face class, and the lack of lip synchronisation.  The two tutors who taught the beginners language courses (Polish and Mandarin), were of the opposite opinion, saying that they could easily hear whether the students pronounced words correctly or not, and that even in face-to-face classes students cannot distinguish between certain phonemes.  The Mandarin tutor commented that he felt that the system made learning the phonemes better than in face-to-face classes, as it focused the students and he could hear them loud and clear in his headphones.  

7 Glossary

ACN Advisory Committee on Networking

ATM Asynchronous Transfer Mode.

CODEC CODer/dECoder. A hardware or software processor converting between analogue audio or video and the digital format used for transmission, in both directions. The term is also used to describe the major hardware component of a videoconferencing system.

Ethernet Hub A point at which more than one machine can connect to an ethernet.

FDDI Ring Fibre Distributed Data Interface Ring.

Frame grabber A device which captures video one frame at a time from an analogue video source.

Full Duplex Enables audio input and output to function at the same time.

Graphics Tablet a device for allowing input using a pen rather than a mouse.

H.261xe "H.261" ITU-T recommendation for video encoding in narrowband audiovisual systems.

HEI Higher education institution.

IP Internet Protocol.

IP videoconferencingxe "IP videoconferencing" A techniques for using videoconferencing over an IP network either point to point or multicast (point to multipoint).  See also Mbonexe "Mbone".

ISDN Integrated Services Digital Network.

Italia2000 is a project which produces multimedia teaching materials for Italian; the first package will be published in a few months.  See http://www.Italia2000.abre ac.uk/ for further information.

ITU International Telecommunications Union.

JANET Joint Academic Network.

JISC Joint Information Systems Committee of the Higher Education Funding Councils for England, Scotland and Wales, and the Department of Education for Northern Ireland.

LAN Local Area Network.

Lecture mode An optimisation for one-way transmission which increases the delay on the playout of the media in order to minimise the loss of data in the network.

MAN Metropolitan Area Network.

Mbonexe "Mbone" Multicast-capable backbone of the Internet.  It consists of a network of tunnels linking the islands of multicast-capable sub-networks around the world.

Multicasting is sending audio, video etc.  on the Internet in way which ensures that anybody who is interested in receiving the information, can receive it, but only people who are interested will receive it.  Think of it as being in between unicast (like most telephone calls - between two telephones only) and broadcast (TV - the signals are sent to you whether you want to watch or not).

Mediaboard is a shared workspace tool.  

MPEG (Moving picture experts group) is the name of the family of standards used for coding audio-visual information in a digital compressed format.

Mtrace An application for tracing the path from a source to a receiver.

Network congestion occurs when more traffic is sent through the network than the network can handle, causing packets to be lost.

NTE (Network Text Editor) is a SHRIMP shared workspace tool.  

Push-to-talk means that a videoconference participant uses the mouse to mute his or her microphone when he or she is not talking, and un-mutes it when he or she is talking.  Push-to-talk is used to avoid transmission of background noise when not talking or to avoid feedback which occurs if using speakers (as opposed to headphones) without echo cancellation.  

QoS Quality of service.  

RAT Robust Audio Tool, an enhanced MBONE audio tool included in the SHRIMP package.

Receive-only A condition where a tool is used to receive, but cannot transmit.

Redundant audio encoding A technique to protect against packet loss where a second, low band-width version of the original encoding is piggy-backed onto the preceding packet so that, when single packets are lost, the redundant version is played back instead of silence.

ReLaTe (Remote Language Teaching) is a joint project between Exeter University and University College London.  See http://www.ex.ac.uk/pallas/relate.

Router send network packets through the network, based on their IP addresses.

RTP Real-time Transmission Protocol. The transport protocol standard promulgated by the IETF (qv) for the transmission of real-time traffic over the Internet.

RTCP Real-time Transmission Control Protocol.

SDR Multicast Directory Tool is a SHRIMP conference management tool.  

SGI Silicon Graphics Indy workstations.

SHRIMP SHRink-wrapping Internet Multicast Packages, is a project preceding PIPVIC which provided install scripts and user documentation for a selection of multicast videoconferencing tools.  See http://www.ja.net/video/service-developments/shrimp/ .

Silence suppression prevents periods of silence within a conversation to be transmitted, reducing network traffic.

TCP Transmission Control Protocol

UDP User Datagram Protocol

UKERNA The United Kingdom Education and Research Networking Association.

Unicast see multicast.
VIC is the SHRIMP video tool.  

WB Whiteboard is SHRIMP shared workspace tool.

WBD is a shared workspace tool, in effect a WB clone, but less stable.  

Whiteboard is the same as WB.
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