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Abstract. As the amount of multimodal meetings data being recorded
increases, so does the need for sophisticated mechanisms for accessing this
data. This process is complicated by the different informational needs of
users, as well as the range of data collected from meetings. This paper
examines the current state of the art in meeting browsers. We examine both
systems specifically designed for browsing multimodal meetings data and
those designed to browse data collected from different environments, for
example broadcast news and lectures. As a result of this analysis, we
highlight potential directions for future research - semantic access, filtered
presentation, limited display environments, browser evaluation and user
requirements capture.

1 Introduction

Several large-scale projects (e.g. [1,2]) have examined the collection, analysis and
browsing of multimodal meeting data. Here we provide an overview of browsing tools,
where we refer to any post-hoc examination of meetings data (e.g. searching a meeting
transcript or reviewing a particular discourse) as browsing. As a result of our analysis,
we are also in a position to highlight potential areas of research for future meeting
browsers.

Despite being an emerging field, there are a large number of browsers described in
the literature, and therefore the first stage of summarising the field was to determine a
suitable browser taxonomy. The scheme used in this paper is to classify browsers
according to their focus of navigation or attention. The taxonomy is described in more
detail in Section 2 and is summarised in Table 1. 
The structure of this papers is as follows. We begin by discussing how meeting
browsers are classified and continue by describing each browser, according to its
classification. A summary of all the browsers is then given, as a result of which we
highlight directions for future research.



2 A Meeting Browser Taxonomy

Since browsing of meetings data is still an emerging field, the classification system used
here is necessarily preliminary, but achieves a segregation of the range of browsers
described in the literature. Browsers are classified primarily by their focus, and
secondarily by properties unique to that focus. The focus of a browser is defined to be
either the main device for navigating the data, or the primary mode of presenting the
meeting data to the user.

Given this definition, and the range of data collected from meetings, three classes of
browsers immediately present themselves. Firstly, there are browsers whose focus is
largely audio, including both audio presentation [3] and navigation via audio [4].
Secondly, there are browsers whose focus is largely video; again, including both video
presentation systems [5] and those where video is used for navigation [6]. The third
class of browsers are focused on artefacts of the meetings. Meeting artefacts may be
notes made during the meeting, slides presented, whiteboard annotations or documents
examined in the meeting. 

A fourth class of browser accounts for browsers whose focus is on derived data forms.
Since analysis of meeting data is largely made on the nature and structure of
conversation, this final class is largely concerned with browsing discourse. In this class
are browsers whose focus is the automatic speech recognition (ASR) transcript and its
properties [7], and those which focus on the temporal structure of discourse between
participants [8].

This taxonomy is shown in Table 1 and each of the following sections describe each
browser class in detail, in the order in which they were presented above. We refer to
audio and video indices as perceptual since they focus on low-level analysis of the
data. Artefacts and dervided indicies are referred to as semantic since they
perform a higher-level analysis of the raw data.

Table 1: Overview of taxonomoy of meeting browsers and typical indexing
elements used in each class

PERCEPTUAL SEMANTIC

Audio Artefacts

• Speaker Turns
• Pause Detection
• Emphasis
• User determined markings

• Presented Slides
• Agenda Items
• Whiteboard Annotations
• Notes - both personally and privately 

taken notes.
• Documents discussed during the 

meeting.

• Video • Derived Data



2.1 Audio browsers
This section discusses browsers whose main focus is audio. We separate these browsers
into two main subcategories. The first subcategory consists of audio browsers with
detailed visual indices; the second category is audio browsers with limited, or no visual
feedback.

Both Kimber et al. [9] and Hindus and Schmandt [10] describe a meeting browser
whose primary means of navigation is via a visual index generated from speaker
segmentation. The view presented to the listener is of participant involvement in the
meeting - users are able to navigate to each speaker segment and can also navigate
between neighbouring speaker segments.

Degen et al. [3] describe an indexed audio browser designed for visually reviewing
recordings made with a personal tape recorder. The tape recorders allow users to mark
salient points whilst recording, the marked recordings then being digitised for review
on a computer. The computer interface affords several methods of browsing the
recordings. Firstly, users can arbitrarily jump to any part of the recording, and can also
navigate using the markings they made during the recording phase. The visual
representation of the recording is of amplitude against time, displayed as a vector or
colour plot. Users can also zoom in and out of this display and also have the ability to
speed up playback (see the discussion surrounding SpeechSkimmer below).

A key element to these browsers is that the visual representations allow users to
immediately see the structure of a meeting. This view, however, is dependent on the
browsing environment allowing visual representations to be made. There are situations
and devices which do not allow for this visual feedback, so that ‘pure’ audio browsing
requires a substantially different interface.

SpeechSkimmer [4] is a system for interactive ‘skimming’ of recorded speech.
Skimming is defined as system controlled playback of samples of original audio. A four
level skimming system is implemented, each level compressing the speech further,
whilst attempting to retain salient content. The first level is unprocessed playback, the
second shortens pauses, whilst the third level plays back only speech which follows
significant pauses. The final level uses an emphasis detector to select salient segments
of the speech to present to the listener. On top of these skimming levels is a mechanism
which allows the playback speed to be altered whilst maintaining the pitch of the
speaker. In this way the playback speed can be increased without a significant loss in

• Keyframes
• Particiapant Behaviour

• ASR Transcript
• Names Entities
• Mode of Discourse
• Emotion

Table 1: Overview of taxonomoy of meeting browsers and typical indexing
elements used in each class

PERCEPTUAL SEMANTIC



perception. It should also be noted that the interface allows users to skim backwards in
a recording - in this mode short segments of speech are played forwards but in reverse
order. 

Roy and Schmandt [11] describe a portable news reader implemented in a small,
Walkman style device. The interface was designed iteratively in software, before being
transferred to the hardware device. The resulting interface allowed listeners to playback
a news report and to also navigate through the report using jump locations, computed
from an analysis of pause lengths in the audio. In the course of designing the device it
was noted that users preferred simpler, more controlled interfaces, preferring manual
skims via jumping rather than having software controlled skims. The device also
implements a form of speed-up similar to that described above, with users able to select
from three different playback speeds.

Because of their nature, audio browsers are largely implemented in hardware devices
and so can be argued to be distinct from meeting browsers making use of multimodal
data. It has been seen, however, that these browsers have overcome the limitations of
just audio and are able to provide means of browsing audio using computed indices and
speed-up techniques. As a complement to this, the following section describes browsers
whose primary focus is video.

2.2 Video browsers
The following class of browsers focus on video. Note that whilst each of these browsers
have audio and video components, the main component for presentation or navigation
in each case is video.

Foote et al. [5] describe a simple video browser with two primary modes of navigation.
Firstly the user has the ability to jump arbitrarily to any section of the meeting, or to
jump between index points which are precomputed from properties of the audio and
video. The same indexing, when converted to a continuous ‘confidence’ measure can
also be used to control the playback speed. For example, the playback speed could be
related to gesture recognition so that portions of the meeting with significant gestures
are played at different speeds, and index marks are made according to these significant
gestures.

Girgensohn et al. [6] describe video interfaces centred around the use of keyframes.
Keyframes are static images which have been automatically selected from continuous
video according to some heuristic. In the video browsing system, keyframes are chosen
according to an importance score, depending on the rarity and duration of each shot.
Frames are then sized according to their importance (so that keyframes of higher
importance are larger) and are placed linearly on the page. The resulting interface is
then similar to a comic book or Japanese Manga drawings. This method can be used to
produce a single summary of a full meeting and the user can playback salient portions
of the meeting by selecting keyframes, or by choosing a point on a horizontal time line.
A similar keyframe-based system was also developed at CMU [12].

A more complex video focused meeting browser is described by Lee et al. [13]. A
novelty for this system is that it does not require a dedicated meeting room; instead,
capture is performed by a single device, encompassing a camera which captures a



panoramic video of the meeting and four microphones to record audio. A real-time
interface allows meeting participants to examine audio and video during the meeting,
as well as making notes during the course of the meeting. The meeting is then archived
and processed in preparation for browsing. 

The browsing interface has a large number of navigational options. Central to the
interface is the video screen, showing both the panorama and a close-up of the currently
speaking participant. Users can navigate via a number of indexes, including
representations of speaker transitions and visual and audio activity. There is also the
opportunity to review an automatically produced transcript of the meeting, and to
navigate the meeting via this transcript. A final option for navigating the meeting is a
set of automatically generated keyframes. The interface also allows the user to review
any notes made during the meeting and to examine any artefacts produced from the
meeting.

We note that this class of browser is relatively small, mainly because video is largely
supplemented with other browsing devices and is rarely solely used as a means of
navigation. Furthermore, often meeting data does not contain the salient visual events
that are useful for video browsing. The browsers described above, however, have
shown that there is potential for making use of video as a means of browsing meeting
data, although its value is not yet determined [12].

2.3 Artefact browsers
The final browser classification based on data collected during the meeting is that of the
artefact browser. We use the term artefact to describe any physical item recorded during
a meeting which isn’t audio or video. Browsers in this class fall into two subclasses:
those which focus on slides presented and those which focus on notes taken by meeting
participants. An important difference between this class of system and video or audio
browsers is that artefacts are usually searchable, making it possible to both browse and
search data. We will discuss each subclass in turn.

Brotherton et al. [14] describes a system for the visualisation of multiple media streams
for the Classroom 2000 project. The project views a classroom lecture as a multimedia
authoring program, trying to extract useful information from classroom lectures to
present in a suitable form to the user. The resultant interface is web-based and shows
the slides used during the presentation. Slide transitions are indexed, allowing the user
to jump between the segments of the lecture relating to each slide. The slides can be
manually annotated both during and after the lecture and this information is also
indexed. Further to the visual interface, audio segments relating to the slides can be
played back.

Users can search through transcribed audio, slide text and lecturer annotations. In this
way students are able to see how different topics relate to each other, as well as being
able to locate specific information from a series of lectures.



Whilst the slide browsers described above have used lectures as their data source, there
are slide browsers which have examined meetings data. An example of this is the
TeamSpace project described in [15]. TeamSpace supports the organising, recording
and reviewing of meetings; we shall, however, focus on the interface used to review
archived meetings.

The interface consists of two main components. Firstly, there are two indexes - the first
giving an overview of the full meeting and the second being of a detailed portion of the
overview. The second main component for browsing is a tabbed pane containing
annotated slides, agenda items and video displays. The slide view has an index showing
each of the slides discussed in the meeting, so that users can jump to relevant portions
of the meeting; furthermore, there is a larger view of the slide currently being discussed.
A similar approach is taken to showing the meeting agenda, where the agenda acts as
an index for the meeting and an indicator of the agenda item currently being discussed.

Cutler et al. [16] describe a meetings browser in which the central component is
captured images from a whiteboard. The interface also contains a participant and
whiteboard index, allowing users to jump to particular segments of the meeting, or to
review segments which relate to specific elements of the whiteboard annotations.
Furthermore, two video components are included - a panorama of all the participants
and a close up view of the current speaker. In addition to these components the browser
also allows the user to speed up playback, and also to skip the contributions of selected
participants.

The browsers described above have focused their attention on presenting community
artefacts - those which can be altered or viewed by all meeting participants. The final
set of browsers in this class examine more private artefacts; specifically, they make use
of notes made by participants as a means of indexing and browsing meetings.

Whittaker et al. [17] outline the Filochat system which combines an audio recorder with
a tablet for taking notes as a means of constructing a meeting record. The tablet acted
as a virtual notebook and allowed users to store several pages of notes and organise
them into sections. Users can then use the notes they have taken to jump to the relevant
portion of the conversation. The interface also affords the ability to manually navigate
the audio by jumping forwards and backwards. The system was tested on users both in
the field and in lab experiments. 

The use of notes to assist recall of meetings was also investigated by Moran et al. [18].
The data used for the study was collected from meetings chaired by a single person, in
which audio and notes taken both on a shared whiteboard and by the meeting chair were
recorded and timestamped. The meeting records were then used by the meeting chair to
make technical decisions on the basis of what was said at the meeting. A detailed study
of how the chair used the meeting record over a large period of time was made and
identified not only how the meeting record was used, but also how the chair’s use of the
meeting record changed over time. This analysis identified, for example, that the chair
would often annotate his notes with the word “ha”, meaning that something interesting
had occurred and that it would be useful to revisit this section of the meeting during the
review process.



The browsers described above examine browsing of artefacts, specifically slides and
notes taken by participants. User notes are a powerful means of indexing meetings,
since they become both a user-defined index and a means of clarifying any confusing
notes taken. Equally, however, a slide index allows users to clarify any confusion
originating in presentations. We now discuss the final class of meeting browsers.

2.4 Discourse browsers
The final class of meeting browsers are focused on derived elements of meetings,
specifically components such as ASR transcripts or participant contributions. This class
of browsers is loosely segregated into those which focus on the transcript, those which
focus on participant contributions and those whose focus is a combination of derived
and raw data. Because they present ASR transcripts, these systems, like artefact
browsers, not only allow browsing but also offer the ability to search.

Whittaker et al. [19] describe a system, ScanMail, for browsing voicemail messages
using a similar interface to that used to browse email. Incoming voicemail messages are
passed through a speech recognizer, and the ASR transcript produced by this recognizer
forms the body of the “email”. The user has options to playback the message by clicking
on the transcript at any point, and can also alter the playback speed. Furthermore users
can search the transcripts from multiple voicemail messages in order to identify
messages and segments of interest. ScanMail also extracts important entities such as
phone numbers and names from the transcript. A similar system, Scan [20], supported
browsing and search of broadcast news, including visual overviews of search results.

Rough ‘n’ Ready [21] is a news browser which focuses on the ASR transcript and
various views derived from this transcript. The system allows the user to search for
named entities such as people, locations, organizations and automatically derived topic
markers. The interface also has a timeline, which allows users to view the temporal
density of their search results and to navigate between the results and an automatically
derived speaker index. In keeping with the ScanMail system, users can select any part
of these indices or transcript elements to navigate the news reports.

Whilst these browsers have the transcript as the central focus of the interface, Bett et al.
[22] describe a meeting browser in which the transcript is given as much prominence as
a video component. The interface also contains a participant index, which indexes
single or groups of speakers. In addition to these components the browser also allows
the user to construct audio, video or text summaries, using text processing, for complete
meetings or salient segments of the meetings. The summary is based on the transcript
data and the audio and video streams are segmented accordingly to fit with the reduced
transcript. The browser also supports search of a large meetings archive and indexing
of discourse features and detected emotions.

The Ferret browser [8] also features the transcript alongside video and participant
indexes. A key feature of the browser is that additional temporal annotations can be
added or removed at will. For example, it is possible to add automatically derived
agenda and interest indices whilst browsing a meeting. The interface is contained in a
web browser, and so the transcript can be searched much like a web page, using the



browser facilities. As with other browsers, users can navigate through the meeting by
clicking on the transcript or by using the derived indices. The index view is
customisable and can be viewed at a variety of different zoom levels.

The Jabber-2 system described by Kazman et al. [23] has many similarities with the
Ferret browser. Central to Jabber-2 is the temporal view, showing the involvement of
each participant. Further to this participant view is a set of keywords relating to the
meeting currently being browsed. In addition to these indices is a stage of discourse
mode recognition which constructs an overview of a meeting by plotting a graph
showing the amount of involvement each participant had in each segment of the
meeting. A previous study [24] described an alternate implementation of Jabber,
denoted JabPro, which contained a video component and allowed users to search the
meeting transcript to identify where in the meeting keywords occurred.

Also included in this class is a browser described by Lalanne et al. [7]. Here, the
transcript is supplemented with audio and video controls, as well as a view of any
documents currently being discussed. Furthermore, the meeting is indexed according to
participants and properties of the documents and discourse occurring throughout the
meeting. A key element to this interface is that every component is time synchronised,
so that any changes or transitions in one component is automatically reflected in all the
other components of the interface.

Since they make use of both raw and derived data, browsers in this category tend to have
a more complex interface than those discussed in the previous classes. By segregating
the interface into browsing and indexing components the browsers described in this
class have overcome this complexity. Furthermore, this increased complexity has
allowed for complex interface components, such as a search facility.

3 Summary

We have analysed browsers designed for reviewing multimodal data captured from
meetings. It has been seen that these browsers can be distinguished using the focus of
their presentation and navigation. Specifically, we segregated browsers into those that
are focused on audio, on video, on non audio-visual artefacts, and on elements derived
from this raw data (see Table 1). One observation is that a typical meetings browser
consists of two main classes of components. Firstly, there are presentation elements -
which are essentially realisations of the raw data; for example, audio, video and views
of discussed documents. Secondly, there is an index component. This can include
indexes of participant involvement, artefact changes such as slide changes, and higher-
level properties of meetings such as the agenda. 

It is interesting to note that development of meeting browsers has largely focused on
making use of elements on the left hand side of Table 1, with elements on the right hand
side being used as indices alone. The expected use of such browsers is index centric
random access with users navigating and identifying points of interest using the indices
and then reviewing that particular portion of the meeting using the display. There are,
however, other procedures for accessing meeting data which become apparent once we
focus on textual data and exploiting semantic information available from the right hand
side of Table 1. 



Below, we outline four potential areas for future research. The first two areas concern
different modes of browsing meeting data, the third considers browsing with limited
resources and finally we discuss the lack of evaluation and user requirement
determination in current browsers. Note that whilst the potential features have been
applied to some of the browsers described above, we feel that the areas would be
benefit from further research.

3.1 Search, topic tracking and summarisation
By focusing on index based browsing, most browsers have ignored semantic techniques
such as search, topic tracking and summarisation. The availability of transcript data
generated from meetings means that search functionality is relatively simple to
implement and it is surprising that it is not more widely used in current meeting
browsers. As an example of a meeting browser with search, JabberPro [24]
implemented a keyword searching algorithm allowing salient portions of the meeting to
be identified by providing a suitable keyword. Jabber-2 [23] also supported topic
tracking.

Furthermore, only a small number of the browsers discussed above made use of
summarisation (most notably [4]). Whilst the availability of the ASR transcript does
not make the production of a summary straightforward, it should be noted that
users are able to make good use of poor transcripts [CITE] and so it is possible that
user would be able to make use of a weak summary. Summaries may not only be
useful for certain meeting participants, for example minute takers, but also for
controlling the meeting presentation (see below). Another area to explore is entity
extraction [21,19]. All these areas involve text processing; a potentially promising area
of future research is to make use of such techniques for analysing and presenting
meeting data.

3.2 Filtered Presentation
A second area for future research is that of filtered presentation. In the current set of
browsers it is assumed that users will want to manually review meetings by looking at
indices and then browsing using these. However, there may be an advantage in using
the derived indices to control the other components rather than to navigate them e.g
[4,5].

Consider the use of a search component in [25]. Here the user enters the search terms,
and the result of the search then becomes a new index with which the user can navigate
the meeting. An alternate approach to using the search results would be to play back
only sections of the report which relate to the search terms. The advantage of this
approach is that the browser becomes a more active tool for navigating meetings and
users are able to playback areas of interest directly, rather than having to determine
these areas themselves.



3.3 Limited resource browsing
Another common assumption made by browsers discussed in this paper is that they will
be accessed solely through a computer workstation with a high resolution display.
Whilst the audio browsers are naturally suited to less functional hardware, it could be
advantageous to have access to a different type of browser in a limited environment.

Research in this direction should address several questions. Firstly, in relation to the
previous section, studies should identify the needs of users in these environments. This,
in turn, will address what sort of components the limited resource browsers will require.
In this environment there will also be a problem of how to make the best use of screen
space; it can be argued that textual representations would be advantageous here, since
text is a relatively compact representation compared to the video or artefact views
described above.

Furthermore, there are a large number of technical problems that the limited resource
browsers should address, for example how the device can gain access to the relevant
data. There could also be advantages in developing browsers for use during meetings -
allowing an in situ review of the meeting to clarify current discussions.

3.4 User-driven development and evaluation
Another key area addressed by a small number of the browsers discussed above, is that
of measuring the quality of the browser and, related to this, how well the browser meets
the user requirements for reviewing meeting data. The audio browsers are good
examples of using user requirements to drive the design and evaluation of the browser.
The NewsComm [11] audio browser went through 4 iterations of different interfaces in
order to identify both what functionality users required and also how they should be
able to access this functionality. Furthermore both Arons [4] and Whittaker et al. [19]
describe lengthy user evaluation studies which examine not only how well their systems
function but also evaluate the use of specific components of the systems.

It could be argued that the reason for this lack of evaluation of browsers is that, since
the field is still emerging, the browsers are designed to examine the success of the
underlying technologies and, therefore, evaluation of the browsers is a secondary
concern to that of evaluation of the technology. Since the technology has now reached
a sufficient level of maturity, however, it can be seen that robust evaluation of browsers
must be considered for any new meeting browsers. With respect to this, it is promising
to note that some effort is being made to be able to evaluate new browsers with respect
to browsers previously developed - see [26].

4 Conclusion

This paper has examined the state of the art of meeting browsers. We segregated the
field into four classes, three derived from browsers focused on data collected from
meetings and the fourth being browsers whose focus is derived data. We also identified
four areas for future research: semantic access, limited resource browsing, filtered
presentation and rigorous development and evaluation.
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