Next Generation Tele-Teaching: Latest
Recording Technology, User Engagement and
Automatic Metadata Retrieval
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Abstract. With the latest technological development in the last decade,
new opportunities for learning environments and educational systems,
such as tele-teaching, arose. Nowadays recording technology includes
easy and fast workflows, high definition video recording, multiple sources
and diverse output formats. With the amount of tele-teaching content
growing, issues with sufficient metadata start existing. One solution is the
user engagement. User engagement is based on the theory of the culture
of participation and includes the usage of web 2.0 technology to activate
students. This also has positive didactical side-effects. Another solution
is the automatic creation of metadata. Therefore we have developed an
automated framework by using video OCR (Optical Character Recognition) and ASR (Automated Speech Recognition) technologies. Indexable
keywords are further extracted from those OCR and ASR transcripts.
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Introduction

The development of new technologies, especially of the World Wide Web in the
early 90s changed the educational paradigm massively. The Internet has opened
a new era of knowledge and opportunities for learners [14]. Technologies, like
e-learning, tele-teaching, distant learning or online learning make it possible for
everyone to learn and acquire new knowledge independent from lecture-halls
and course schedules. Recorded lectures have proven to be important for distant
media-supported learning and teaching, because whether at home or at the office,
everyone can access recorded online courses via Internet. Students may access
lectures whenever and wherever they like to, for example off campus, on their
way to work or at home. Furthermore the recorded courses help students to
follow the courses as often as they like and especially to prepare for the exam
[18]. Not only students from the corresponding university, but everyone who likes
to learn, such as employees or students from other universities, can continue their
professional occupation by accessing to recorded lectures via Internet.
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1.1

Videolecturing with tele-TASK

Since 2004 the Hasso Plattner Institute (HPI) in Potsdam, Germany has been
offering online-lectures. According to [20] 40% of the students are following the
course in the lecture halls while the other 60% are watching the e-lectures live
online or later on-demand. The high usage shows that our videolecture offerings
are accepted among the students. That is the reason why this is part of the
qualitative enhancement of the education at HPI. The lecture recordings at HPI
are supported by the tele-Teaching Anywhere Solution Kit, short tele-TASK.
The tele-TASK system was initially designed in 2002 at the University of
Trier [18]. Since 2001 it has been enhanced and optimized. Today it is used for all
video recordings at HPI including lectures, seminars, reports and presentations
of events.
Existing teleteaching systems restrict the operators and users. On the operator side (i.e. professor, presenter) the systems are often tied to an operating
system or a required bandwidth. Another typical restriction is the usage of a
specified presentation tool i.e. PowerPoint [15]. On the users side (i.e. students,
learners) some systems require very complicated installations and operation steps
which often also frustrate computer science students. Beside a simple usage, another important requirement is the possibility of transmission of the videos with
low internet connectivity. This is the base to enable everyone to access the system and have the possibility to learn. Another issue of existing solutions is that
they are not portable. They have to be built in a lecture hall and configured and
can not be moved to another venue easily. Also some of these solutions have to be
accessed through a network connection. More information about these solutions
can be found on the web1 . The use of standards, the option of using any operating system and presentation tool and the wish for mobility were requirements
for the development of a new simple distance education system.
tele-TASK is the result of all these considerations and requirements; it supports all usual platforms, different net bandwidths and arbitrary presentation
tools [18]. Special installations, configurations, or even knowledge on the part of
end users are not required.
Figure 1 shows that the tele-TASK-system comes as a compact mobile box
containing a computer with a ready-to-use software, a video camera, a microphone and cables. So the recording can easily take place everywhere and be
handled by the presenter himself or with the support of someone handling the
camera.
With this system for lecture recording two video streams and one audio
stream can be recorded at once. On the one hand, the system records a video of
the lecturer but also of the (for example Powerpoint) presentation of his laptop,
which is also visible for the students via an overhead projector. On the other
hand, an audio stream of the presenter’s speech is recorded. All three media
streams are synchronously recorded and can be distributed via different modern
technologies, which are described below.
1

Some of the available solutions can be found at http://www.epiphan.com/,
http://opencast.org/ and http://autoview.autotrain.org/
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Fig. 1. The tele-TASK - tele-Teaching Anywhere Solution Kit - Workflow

1.2

Distribution of the tele-TASK recordings

The recorded content generated by the tele-TASK system can be broadcasted
live or made available offline in the form of digital media (USB flash drive,
DVDs). But, the Internet is the primary channel of distribution. The portal
www.tele-task.de, but also YouTube and iTunes U are utilized channels. A short
description of the main channel, the portal, and its underlying web-application
will follow next.
The tele-TASK portal includes a lot of different features. The following listing
reflects only a part of the supported features of the portal. The video-lecturing
portal tele-TASK offers different search options, a frequently updated list with
featured videos, recently inserted videos, personally added tags to lectures, usergenerated video annotations, assembling of personal playlists, voting for viewed
lectures as well as automatically generated slide-rolls and lecture structures for
navigation.
The technical basis for the hosting of the video data generated with the teleTASK system is a Python based web-engine. The open source web-framework
Django2 is used here.
Everyone around the whole world can access a high percentage of the lectures
held at the HPI displaying the presenter in an audio and video stream as well
as his presentation (screen of his laptop) at the same time.
Weekly 2000 people (unique visits) from all over the world are visiting the teleTASK archive with more than 4200 lectures and 14000 podcasts free of charge
via a web-browser. The enormous number of hits counting about 29 millions
from the start of the portal until now makes the success of the tele-TASK portal
visible.
The large video archive and the web portal of tele-TASK are the basis for
further research and development at the HPI. Several topics are currently in the
research focus and some of them will be further elaborated in this paper. Those
are web 2.0 technologies for activating users based on a culture of participation
2

http://www.djangoproject.com

4

Next Generation Tele-Teaching

and automated lecture video indexing using content-based textual metadata,
which are generated by applying multimedia analysis, as e.g., video OCR and
ASR technologies.
The remainder of the paper is organized as follows. We start in Section 2
with a description of the technologies and workflow of the lecture recording of
the tele-TASK system. We present in Section 3 web 2.0 technologies used in
our web portal for activating users. The automated lecture video analysis and
retrieval will be described in Section 4. The paper ends with a short conclusion
and future work in Section 5.

2

Lecture Recordings - Technologies and Workflow

We are trying to give distance learners a richer experience of the learning contents
by recording the lectures as videos. Not only the slides, but also the lecturer himself is being recorded as a video. For doing so we developed a portable recording
system that is capable of recording two videos at the same time. In the following
section we are going to give a brief overview of the applied technologies and the
workflow at our institute for the entire process of recording lectures, the postproduction steps and media analysis and the publishing. For all of these steps
we have developed individual software or hardware solutions.
2.1

Recording System

The tele-TASK recording system is a specialized computer in a portable attachelike box. It contains a built-in mini PC with an SSD hard drive and several other
components, such as grabbers for the presentation and for the video capturing
the lecturer. The spoken words of the lecturer’s are transmitted to the recording
system with a wireless microphone that is to be attached to the shirt or tie. The
microphone’s receiver is built in the recording system. But it is also possible to
connect another audio source, such as an existing lecture hall sound equipment.
When plugging in an external audio source, the built-in wireless microphone
will be deactivated automatically. The recording system can be operated by the
built-in keyboard with integrated touchpad or with the operator’s fingers on the
touchscreen display. It is also possible to connect other USB input devices such
as a wireless keyboard. The current operating system running on the machine is
Windows 7. Soon we will start our work on a Windows 8 based version adapting
the recording software to the new paradigms. The recording software has been
written in C# 4.5 and uses DirectShow. The codecs being used are H.264 for
video and AAC for audio.
2.2

Server Infrastructure

In order to make the whole process of recording, postproduction and publishing
as fast and as easy as possible, there are a few specialized servers required. A
brief overview of the server infrastructure follows.
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For running the web portal, a web server including a database server are
used. In our institute we are using a Debian server with Apache and MySQL as
database management system and a self-developed web portal based on Django
and Python. For streaming the videos, an Adobe Flash Media Server3 and to maintain the operative readiness of the last generation recording system - a
Helix Streaming Server4 are used.
A self-built transcoding server is used for the automatic conversion to other
formats, cutting and publishing of e-lectures over night. After pushing the recordings to the storage server, a nightly process converts the recordings to other
formats so that the largest possible number of users can find the e-lectures in
their preferred format.
Another important step in the chain of giving the users a rich learning experience is the analysis server. This server was developed and is continually
improved in order to provide slide detection and extraction out of the lecture
videos, automatic speech recognition (ASR) and optical character recognition
(OCR). The analysis results are stored in the tele-TASK database and are used
in the web portal for enriching the delivery of the e-lectures. So it is possible to
generate an entire list of content including hyperlinks to the distinct position in
the e-lecture without any human intervention.
2.3

Workflow

At the Hasso Plattner Institute in Potsdam, Germany most of the lecture series
are being recorded with tele-TASK. Being a relatively small institute with about
460 students and only three lecture halls makes it easy for us to equip every
lecture hall with a recording system. Besides we have several systems on hand
to record presentations in seminar rooms or external events.
Recording takes place in the lecture halls or seminar rooms. As the systems in
the lecture halls always stays there, the necessary time for preparing a lecture
recording is very short. Around five minutes before the official start one member
of our institute’s media technology team or a student assistant should be in the
lecture hall. Then he or she will boot the recording system, check if all signals
such as camera, presentation and wireless microphone are connected properly
and either select a predefined profile or input the lecturer’s name and lecture
title. But this is still possible during and after the recording. If everything is
fine the recording can be started. During the recording process it is possible to
create and name chapter marks on the fly. These can be edited at any time, even
after the recording is finished.
Live Streaming of the lecture can also be offered by our recording system. In
order to do so, the lecture recording, the path to the streaming server and the
credentials have to be specified on the recording system or loaded from a profile
3
4

http://www.adobe.com/products/adobe-media-server-family.html
http://www.realnetworks.com/helix/streaming-media-server/
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Fig. 2. Overview of the Recording and Distribution Workflow in tele-TASK

saved earlier. Then, as soon as the recording starts, also the live streaming of
the two videos (lecturer and presentation) is started. Students can watch the live
stream on the tele-TASK web portal with the tele-TASK online video player. The
possible options for the distribution are displayed in Figure 2.
Postproduction starts, when the recording is finished. It is possible to transfer
the recordings to the media server via SFTP or to copy it to a USB device. For
optional further steps of post-production we developed a post-production tool,
which is installed on the computers of our media technology team. Here they can
use their big screens and do exact cuts and set chapter marks. After everything
is done, they can publish the e-lecture on the web portal.
Publishing follows the postproduction process. After the e-lecture has been cut
and transferred to the media server, a lecture has to be created in the web portal.
For this purpose a staff member has to log on to the web portal, create a new
lecture and specify the path of the video files on the media server. It is possible
to make the e-lecture, as well as every single chapter, either visible, unvisible or
only visible to the registered students.
Video Analysis and Transcoding start when the video data and metadata have
been inserted in the tele-TASK web portal. Here the slide detection, OCR and
ASR will be done as automatic processes. This topic will be looked at in Section
4. Besides, a job can be created and put into queue to convert the lecture videos
into other formats and generate podcast videos with a video overlay technique.
These jobs will be processed by the self-built transcode server. The results of the
transcoding processes are published automatically on the web portal to extend
the offered possibilities of learning with the e-lecture. We invented the video
overlay podcasts because - in order to maintain flexibility and offer smooth
resizing - all e-lectures are being recorded as two video files. These are played
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back with the tele-TASK video player from within the web portal. But when
it comes watching the e-lecture on a small mobile device, like a smartphone or
iPod, it is much more handy to deliver a single video with an overlay (lecturer
is in a corner overlying the slides). So this video can be downloaded easily and
played with the native player app of the student’s device. But there is much more
to it than just simply playback the e-lectures. We intend to offer the students a
more community-based learning approach.

3

Hands on for Students - Using Web 2.0 Technology and
a Culture of Participation to Activate Users

Students using tele-teaching should be encouraged to actively collaborate with
their fellow students and actively engage with the content for two reasons. First,
especially when using lecture videos there has always been the problem that
quite a bit of self-discipline is required from the students to follow the teacher.
There is the issue, that students just lean back and consume the video without
being involved. Looking at research about didactics though, it is obvious, that
especially the active engagement with the material and the exchange with other
learners are important for learning. Activating and engaging the students in the
learning process and the collaboration among students should thus be the goal
for every online learning platform. The community can benefit too, when the
single user becomes more active. Knowledge will then be shared and connected.
The second reason why students should be engaged is the big mass of teleteaching content that was produced in the last decade. The problem of how
to filter and search through it arose. Metadata is the main problem in this
case. Manual administration beyond the basic metadata is not possible anymore.
Automatic metadata retrieval, that will be explained in Section 4, is one solution.
User generated metadata is another approach to add more descriptive metadata.
Search, recommendation and filtering functionalities within large learning video
sets can be enhanced with those two methods. This section will deal with user
generated metadata.
3.1

Community Functionalities in tele-TASK

In an e-lecture environment the community functionalities can be separated
in time-independent and time-bound activities. Time-independent activities include the tagging of whole videos, the creation of playlists, a function most wellknown from the music platform iTunes, chat functions and forums. Time-bound
activities are the annotation functionalities that utilize a timeline approach.
Those include setting time markers to memorize certain positions within the
video as well as textual or multimedia annotations within the video. Another
categorization would be synchronous and asynchronous functions. Chats and
live-annotation in groups would be the only synchronous activities here.
In the tele-TASK project we already implemented several of the previously
mentioned functionalities. These include rating of lecture videos, tagging of
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whole lectures, lecture-series or lecture-scenes, creation of playlists, adding of
links to lecture-videos as well as a digital manuscript functionality incorporating
video annotation. An overview of all functionalities that is available in the users’
backend of the portal can be seen in Figure 3.

Fig. 3. Overview Web Interface of Community Functionalities in tele-TASK

Our focus in current research is on the digital annotation functionality [7],
because it has been proven to be very beneficial for students [9, 25, 8]. Digital
textual annotations enable the user to browse the video content according to his
own notes and quickly find a certain point within the lecture again at a later
point in time. Also it is possible not only to use descriptive free-text metadata
as annotation, but also links and other media formats, like images [9].
Apart from the additional metadata they can utilize, also the process of
annotation itself is beneficial for the students. Digital annotation leads to a
deepened understanding of the topic [25], because it includes interpretation,
reflection and weighting of the content [9]. Time-based annotation furthermore
serves as anchored discussion as opposed to forums and thus encourages more
participation as well as discussions among students [25].
Although all those community functionalities are theoretically very beneficial
for the users, our experience and also other research have shown that several
problems exist in this context that will be further elaborated in the next section.
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Problems with Community Functionalities

Especially smaller e-learning communities often suffer from several issues concerning their community. Their member base is mostly not as large as in the huge
private and free-time-oriented Web 2.0 platforms. That means that a smaller
number of people actually participate and therefore the knowledge connection
and sharing may not be as effective, because the key success factor for the community features is the interaction among users . Additionally, individuals in
e-learning environments are less active than people in leisure and private communities. Hence, the participation is generally low. Experience with our own
portal as well as a study about the Web 2.0 video service YouTube [2] showed
this.
Recent research revealed, that a culture of participation needs to be integrated in order to engage users in content creation. Collaboration is no purpose
in itself. Instead incentives need to be created for the users in order to encourage
them to join in working cooperatively.
3.3

A Culture of Participation in tele-Teaching

Several studies and research papers focus on the phenomenon of participation in
online platforms and particularly e-learning communities. Hostetter and Bush
showed 2008 that group learning supports the individual motivation and eagerness to engage. They also found a strong correlation between social presence and
user satisfaction. However, it was not possible, to link the learning outcomes to
the feeling of social presence [10]. Kimmerle and Cress showed that a groupawareness tools can be utilized to provide a self-presentation opportunity and
this triggers the willingness of individuals to participate in group activities. [13]
The term culture of participation was substantiated by Gerhard Fischer [6].
He suggested design guidelines for socio-technical systems to stimulate participation. The motivation to participate is based on intrinsic motivation. Therefore he
suggests three major components. Those are meta-design, where the infrastructure enables collaborative design, social creativity, where a group of students is
enabled to solve problems by collaboration and different levels of participation,
which means that diverse degrees of engagement are supported. Fischer only
briefly discusses learning as field of application. [6]. Dick and Zietz extended the
framework for a culture of participation suggested by Fischer. They analyzed
different motivation techniques. Out of this they concluded that system designers should make their users more aware of their contributions and actions within
the system in order to motivate them instead of making them more active. [3]
In the next paragraph the current state of the culture of participation in our
tele-teaching environment is analyzed.
3.4

Status Quo of The Culture of Participation

Based on observations in our own tele-teaching web portal we would like to
collect existing functionalities and methodologies and analyze their relevance for
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the culture of participation. The design guidelines of Fischer [6] and Dick [3] are
used for the analysis. The results are collected in Table 1.
Design Guideline

Realization in a Sample Tele-Teaching Platform

support different
engagement levels

level 0: watching videos only, level 1: passive utilization of some
functionality, level 2: using tagging and rating, creating links,...,
level 3: creating playlists or user groups level 4: might be
triggered within a didactical scenario
support humanA connection of the annotation functionality together with a
problem interaction suitable learning scenario might encourage this interaction.
underdesign for
A chat function and the previously mentioned scenario are
emergent behaviour examples for the possibility to discuss and negotiate. Apart from
that e-lecture environments are rather closed spaces.
reward and recognize Learning Scenarios may be used to honor and acknowledge the
contributions,
participation of people within a group of learners. Awareness
group-awareness
mechanism are currently not supported.
feeling that behavior Judgement cannot come up, since the previously mentioned
is being judged
awareness is not implemented and participation is still rather low.
co-evolution of
A cross-pollination between the evolving community and the
artefacts and the
resources for system development is not possible due to security
community
reasons from the universities side.
Table 1. Realization of the Design Guidelines for a Culture of Participation

Summarizing one can say, that the culture of participation in tele-teaching environment needs a lot of improvement, especially in the fields of group-awareness,
judgement and negotiation possibilities.
Digital annotation is the most profitable functionality in connection with electures, because it supports the deep discussion of single aspects of the video
among students. Therefore the next section will explain how a culture of participation can be fostered there and the participation improved.
3.5

An Approach to Improve Active Engagement by Establishing a
Culture of Participation

This section will deal with possible solutions to reach the criteria for a culture
of participation as described in the previous section.
Digital lecture video annotation is also possible in groups. It supports creating
a user group, where each member may annotate the video at any point of time.
It also allows group members to view each other’s annotations. Five issues need
to be tackled in order to incorporate a culture of participation in this area: 1)
engage more students as coordinators and collaborators, 2) involve students as
meta-designers, 3) foster group awareness, 4) incorporate rewards from the group
and 5) create scenarios to support problem-solving and online discussion.
For the first point engagement, a first option would be the usage of a learning
scenario incorporating student presentations. Fellow learners could comment on
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Fig. 4. Use case diagram of collaborative annotation with highlights of the culture of
participation

the recorded talks. The second point is to give learners the freedom to act as
meta-designer. The annotation environment needs to be designed in a more open
and free manner. It should be possible to include more than simple textual annotations or pre-defined files. A more open wiki-like annotation interface should
be offered with freedom to include files as well as structure and design besides
textual annotation. The utilization of the annotation environment as tool for the
collaborative creation of a manuscript that can serve as basis for exam preparation or as summary of the topic is one imaginable scenario. Several steps need to
be taken to enable group awareness and reward. When a group of people works
at the same annotation, it must be ensured that it is obvious which student
accounted for which contribution. If changes are made, these are stored in a history. Because each and every step of each group member can be tracked and the
users are notified of changes, people are aware that their contribution is being
judged. Also, all contributions are counted in statistics that are visible for all
group members. Textual group feedback and a voting system for the best group
members are other options how group reward can be implemented. Some of the
features of the group annotation are visualized in Figure 4. An open and flexible
annotation system can also be the basis for scenarios incorporating problemsolving and online discussion. In order to start it, the teacher may spread some
seeds. One scenario is the teacher asking questions within the lecture where it is
the students’ task to discuss them and document their discussion with the digital
annotation. When annotating a live lecture students might even post questions
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at the same time as the lecture is actually taking place. At the end of the lesson
the teacher then takes a few minutes to answer the questions.
As not the whole search and recommendation functionalities can rely on
administrative and user-generated metadata, automatical metadata harvesting
needs to be implemented too. The next section will deal with this topic.

4

Automated Lecture Video Analysis and Retrieval

Information storage and retrieval involve the processes to prepare, store and to
find knowledge from data resources. For video retrieval, a number of methods
have been proposed in the previous research works.
In order to perform an efficient video retrieval process, visual and semantical
content-based approaches have been intensive studied in the last two decades.
The commonly used techniques include shot boundary detection, key-frame selection, high-level and low-level feature-based video indexing, face detection,
video OCR, and visual concept detection etc. The amount of lecture videos on
the web has become huge, therefore an automated indexing and retrieval approach is highly desirable so that efficient lecture video search and browsing can
take place.
Text and speech in video are the most important high-level semantic features,
which directly depict the video content. We have thus developed a framework
for automated lecture video indexing using video OCR and ASR technologies.
The studies described in [12] and [16] are based on “out-of-the-box” commercial speech recognition software. Concerning such commercial software, to
achieve the satisfied results for a special working domain an adaption process is
often necessary and the custom extension is rarely possible.
A conventional solution for video OCR is to first convert a video to a set of
video shots, then apply an OCR engine to obtain texts. Therefore, our video OCR
system consists of two parts: slide shots detection and video texts extraction. [1,
5, 11] applied a lecture video segmenter to extract the lecture slide images. The
standard OCR engine and lexical filtering processes are utilized to generate the
indexable texts. Since they do not apply text detection and text segmentation
processes, the OCR recognition accuracy of their approach is therefore lower
than our system’s.
In our system a slide video segmenter has been firstly adopted in order to
extract the unique slide frames from the lecture video. Then the video text
detection and recognition methods are applied on each slide shot. The occurrence
duration of the detected text line is determined by reading the time information
of the corresponding segment. More details about the baseline algorithm of the
slide video segmentation and text extraction can be found in [24]. We will thus
give a general overview of the system in the next three subsections.
4.1

Video Segmentation

By segmenting videos into a set of representative key frames, we are able to
index the video. The global pixel-differencing metric has been widely used for

Next Generation Tele-Teaching

13

the general video segmentation task. However, regarding slide videos, we can
see that the major contents of the slide such as text lines, tables, figures etc.,
can all be considered as the Connected Components (CCs). Therefore, we have
developed a novel slide segmenter by using CCs instead of image pixels as the
basis element. The algorithm consists of two steps: in the first step, we try to
capture all changes from adjacent frames by using CC-based differencing metric.
In this way, we are able to control the valid size of CCs, in order to remove
the high frequency image noise from the analysis. Since the segmentation results
from the first step may contain the progressive build-up of a complete final
slide over sequence of partial versions, the process continues with the second
step which is intended to find the real slide transitions based on the segmented
frames from the first step.
Due to the fact that the proposed segmentation method is defined for slide
frames, it might be not robust, when videos with varying genres having been
embedded in the slides and are played during the presentation. To fix this issue,
we have extended the method by using a Support Vector Machine (SVM) classifier and image intensity histogram features, which are intended to distinguish
the slide frames and the other video frames. Our experimental results show that
the achieved classification accuracy of this approach is over 91%.
4.2

Video OCR

Texts embedded in lecture video are directly related to the lecture content,
therefore they provide a valuable source for indexing. Our video text extraction
framework consists of the following processing steps:
Text detection: this process determines whether a single frame of a video
file contains text lines, for which a tight bounding box is returned. We have
developed a two-stages approach that consists of a fast edge based detector for
coarse detection and a Stroke Width Transform (SWT) [4] based verification
procedure to remove the false alarms [23].
Text segmentation: in this step, the text pixels are separated from their background. This work is normally done by using a binarization algorithm. We have
developed a image skeleton-based binarization approach [23]. The adapted text
line images are converted to an acceptable format for a standard print-ocr engine.
Text recognition: we applied a multi-hypotheses framework to recognize texts
from extracted text line images. The subsequent spell-checking process will further filter out incorrect words from the recognition results.
After the text recognition process, the detected text line objects and their
texts are further utilized in the lecture outline extraction method [21].
4.3

Speech Recognition

In addition to OCR, ASR is an effective method for gathering semantic information from the spoken language. Combining both OCR and ASR offers the chance
to improve the quality of automatically generated metadata dramatically. Thus,
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Fig. 5. Architecture of web service-based multimedia analysis framework

we decided to build a acoustic model by applying the CMU Sphinx Toolkit5
and the German Speech Corpus by Voxforge6 as a baseline. We collected hours
of speech data from our lecturers and the corresponding transcripts in order to
improve speech recognition rates for our special use case. A in-depth discussion
and the actual stand of our ASR approach for lecture videos can be found in
[22].
4.4

Web Service-Based Analysis Workflow

In order to integrate the multimedia analysis engine to our lecture video portal,
we have developed a SOAP (Simple Object Access Protocol ) web service-based
analysis workflow. Figure 5 shows the framework architecture.
We have implemented a service client in our video portal that enables us
to start the analysis for each lecture video. The analysis management engine
validates the user data for each request from the client. The xml-based request
data delivered by the service function contains the following information: media
id, date time, media URL, analysis type, configuration type and language.
The analysis engine manages four major processes: media download, video
transcoding, video analysis for each request, and analysis result transmission to
the video portal server. The analysis engine is designed fully configurable and
multi-thread safe.
5
6

http://cmusphinx.sourceforge.net/
http://www.voxforge.org/

Next Generation Tele-Teaching

15

Fig. 6. Web GUI of keyword browsing and search function

After the analysis, the results will be automatically sent to the destination
place on the portal server. Subsequently, we send HTTP-POST requests for saving the corresponding results to the portal database. The GUI (Graphic User
Interface) elements of the slide segments and lecture outlines have been developed based on the plugin architecture in the video portal platform. Therefore,
once the analysis result data is saved, the corresponding GUI elements will be
created automatically by refreshing the web page.
For our purpose, we apply this framework to analyze the lecture videos from
our institute. However, using it for the videos from other sources (e.g., YouTube7 ,
Berkeley-Webcast8 etc.), we would only need to adapt the configuration file of
the analysis engine.

4.5

Keyword Extraction From OCR and ASR Data

In our framework, the keywords are extracted from OCR and ASR transcripts.
In the first step, all OCR and ASR words will be arranged to an appropriate
video segment. This enables us to efficiently calculate the weight factor for each
keyword in the later stage. Since our system only considers nouns as the keyword,
we thus capture nouns from the transcripts by applying Stanford POS Tagger
(Stanford Log-linear Part-Of-Speech Tagger ) [19] secondly.
7
8

http://www.youtube.com
http://webcast.berkeley.edu
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Subsequently, we use the stemming algorithm to capture words with variant
forms but a common meaning. This process leads to improve recall rate of the
retrieval.
Since the OCR transcript might contain spelling mistakes, we have to perform
a dictionary-based filtering for sorting out the error words. In order to avoid
the out-of-vocabulary issue, the standard dictionary will be extended by adding
technical terms of our lectures.
Then, the weight factor of each remaining word is calculated by TFIDF (Term
Frequency Inverse Document Frequency) scores [17]. TFIDF ranks candidate
keywords according to their statistical frequencies, which dose not reflect the
location information of the keyword, while the location might be important
for ranking keywords extracted from the web pages or lecture slides. In our
framework, the OCR text line objects have been classified into several classes
(cf. [21]). Therefore, we are able to apply the classified text line types to improve
the keyword weighting result. Figure 6 demonstrates the web GUI of keyword
browsing and search function in our lecture video portal.

5

Conclusion and Future Work

In this paper we have shown the current status of today’s video lecturing systems and environments. We briefly introduced our own tele-teaching solution
tele-TASK. Furthermore our recording system and underlying web portal were
introduced. The video recording workflow, latest technological developments and
implementation were presented. Afterwards we discussed the issue of user participation. The theory of the culture of participation was described and discussed
focusing on our research area. Possibilities to improve the current state of user
activation were shown. Several ways to improve the metadata base were demonstrated next. Those include OCR and ASR analysis used to extract lecture outline, keywords and slides from the lecture recordings. In all three parts of this
paper there is potential for numerous future work.
In the near future we are going to adapt our software to Windows 8 and fulfil
a change in the paradigms of UI design, software architecture and deployment
as well as the usage of codecs and filters. Also we are dealing with the question
which and how many formats we can offer during live streaming of a lecture.
Another part of our work is to minimize the time between recording a lecture
and publishing it on the web portal. Future research will be done in the field of
camera tracking with focus on unusual event detection.
Web 2.0 technology engaging users will be further enhanced to include more
open features enabling the users to learn in their own style. This is a need
identified within the theory of the culture of participation. Another need for users
is more automatized support for their learning activities and progress. Semantic
technologies as well as recommendation systems will be leveraged here.
As an upcoming improvement, implementing context- and dictionary-based
post-processing will improve the recognition accuracy of OCR and ASR engines.
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The content-based video search can be further developed using automatically
extracted keywords.
Since it is desired that the community functionalities as well as the contentbased video browsing applications become frequently used functionalities within
our tele-teaching portal, the usability and utility need to be evaluated within
a user study. Questionnaires as well as usability tests and log-file analysis are
currently planned. We are furthermore just conducting a study aiming to prove
the usefulness of the indexing tools and annotation tools. In the study users
are asked to find the start and end point of the segment in the video where a
certain keyword is the topic. We measure the time needed and the precision and
thus compare which of the tools - video only, slide preview and video, content
structure and video, keywords and video or all - is most beneficial for users.
A second task aims at finding out if those indexing or annotation tools can
support learners in better concentrating on the lecture videos and keeping more
of the content in mind. The tasks are accompanied by questionnaires that aim
at finding out general opinions about the tools.
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7. F. Grünewald and C. Meinel. Implementing a Culture of Participation as Means
for Collaboration in Tele-Teaching Using the Example of Cooperative Video Annotation. In DeLFI 2012 - Die 10. e-Learning Fachtagung Informatik, Hagen,
Germany, 2012. Gesellschaft für Informatik.
8. C. Hermann, T. Ottmann, and I. C. Society. Electures-Wiki – Toward Engaging Students to Actively Work with Lecture Recordings. IEEE Transactions on
Learning Technologies, 4(4):315–326, 2011.
9. C. Hofmann, N. Hollender, and D. Fellner. Workflow-Based Architecture for Collaborative Video Annotation, pages 33–42. Springer Berlin / Heidelberg, Heidelberg,
5621 edition, 2009.
10. C. Hostetter and M. Bush. Student perceptions of collaborative learning, social
presence and satisfaction in a blended learning environment: Relationships and
critical factors. Computers & Education, 51(1), 2008.

18

Next Generation Tele-Teaching

11. J. Hunter and S. Little. Building and indexing a distributed multimedia presentation archive using smil. In Proc. of ECDL ’01 Proceedings of the 5th European
Conference on Research and Advanced Technology for Digital Libraries, pages 415–
428, London, UK, 2001.
12. W. Hürst, T. Kreuzer, and M. Wiesenhütter. A qualitative study towards using
large vocabulary automatic speech recognition to index recorded presentations for
search and access over the web. In Proc. of IADIS WWW / Internet (ICWI),
pages 135–143, 2002.
13. J. Kimmerle and U. Cress. Group awareness and self-presentation in computersupported information exchange. International Journal of Computer-Supported
Collaborative Learning, 3(1):85–97, Oct. 2007.
14. F. Moritz, M. Siebert, and C. Meinel. Improving Search in Tele-Lecturing: Using
Folksonomies as Trigger to Query Semantic Datasets to extract additional metadata. In Proceedings of the International Conference on Web Intelligence, Mining
and Semantics - WIMS ’11, New York, New York, USA, May 2011. ACM Press.
15. T. Ottmann and R. Mller. The ”Authoring on the Fly” system for automated
recording and replay of (tele)presentations. 8, 2000.
16. S. Repp, J. Waitelonis, H. Sack, and C. Meinel. Segmentation and annotation of
audiovisual recordings based on automated speech segmentation and annotation
of audiovisual recordings based on automated speech recognition. In In Proc. of
8th Int. Conf. on Intelligent Data Eng. and Automated Learning, pages 620–629,
Birmingham, UK, 2007.
17. G. Salton and C. Buckley. Term-weighting approaches in automatic text retrieval.
In INFORMATION PROCESSING AND MANAGEMENT, pages 513–523, 1988.
18. V. Schillings and C. Meinel. tele-TASK - Teleteaching Anywhere Solution Kit. In
Proceedings of ACM SIGUCCS, Providence, USA, 2002.
19. K. Toutanova, D. Klein, C. Manning, and Y. Singer. Feature-rich part-of-speech
tagging with a cyclic dependency network. In In Proc. of Conference of the North
American Chapter of the Association for Computational Linguistics: Human Language Technologies (HLT-NAACL 2003), pages 252–259, 2003.
20. K. Wolf, S. Linckels, and C. Meinel. Teleteaching Anywhere Solution Kit (teleTASK) Goes Mobile. Education, pages 366–371, 2007.
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