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ABSTRACT
There has been increasing interest in recording and annotating
meetings for post-hoc review. Typically, a rich meeting record is
formed from multichannel audio and video recordings, along with
whiteboard markings, personal notes and presented slides. These
records are then supplemented with automatically derived data such
as a speech transcript, emotions, and gestures. This media rich
meeting representation is then presented to user via a meeting
browser. This paper examines the current state of meeting browsers
and organises browsers according to the types of data that they
typically focus on. Following this current meeting browsers are
critiqued and areas for future research are discussed.

1.  INTRODUCTION
A number of large scale projects (e.g. [1;16;26]) are investigating
the collection and processing of multimodal meeting data. As
collection tools and post-processing techniques become more
sophisticated the range of data collected and extracted during the
course of a meeting becomes both greater and more complex. For
example, in the AMI project [1] a typical meeting recording is
intended to consist of: 7 video recordings, 22 audio recordings,
whiteboard capture, personal notes capture, presented slides capture,
along with various derived data including automatically generated
transcripts, named entities, dialogue acts, meeting actions, emotion
recognition, topic segmentation, individual actions, focus of
attention, person location and observations of interest.

Consequently, it is important that the browser efficiently exploits
and effectively presents these annotations and data. This entails
addressing two issues. Firstly, whilst it is has been shown that data
such as the speech transcript and audio recordings will be of use to
users (e.g. [17]), it is less clear in which domains such data as

emotion recognition or focus of attention will be useful. Secondly,
once it has been determined which data should be presented there is
the further question of how this data should be presented.

It is clear, therefore, that the field of meeting browsers will change
dramatically as these issues are addressed. As a means of organising
the current state of meeting browsers this paper describes a grouping
of meeting browsers according to their focus [30] and outlines how
current meeting browsers fit into this grouping. Building on this,
problems associated with current meeting browsers are described, as
well as future directions for research.

2.  ORGANISING MEETING BROWSERS
There are several ways of grouping meeting browsers; however
when looking at the history of meeting browsers a good means of
categorising the current set of browser is by the main focus of such
browsers. The focus of a browser is defined to be either the main
device for navigation within the interface or the primary mode of
presenting the meeting data to the user. 

Given this definition and the range of data described above four
classes of browsers present themselves. Firstly, there are browsers
whose focus is mostly audio, including both audio presentation and
navigation via audio. Secondly, to complement this there are
browsers whose focus is video; again this group includes browsers
which use video for both navigation and display. The third set of
browsers are focused on meeting artefacts such as whiteboard
markings, presented slides and personal notes. The final set of
browsers are focused on data derived from the raw meeting
recordings. Analysis of meetings has traditionally focused on the
content and structure of discussions so this group of browsers is
generally concerned with browsing discourse and discourse
properties.

These groupings are shown in Table 1. Note that a high-level
grouping has been placed on the browsers. The primary focus of
perceptual browsers is on audio and visual data and contains the
audio and visual browsers. The primary focus of semantic browsers
is on textual data, whether it originates from recordings made during
the meeting or from post-processing. Given this first-generation
grouping each group can now be described in more detail, in the
order in which they were presented above.
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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. [20] and Hindus and Schmandt [15] 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. [10] 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 [2] is a system for interactive ‘skimming’ of
recorded speech with no visual representation. 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 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. 

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 some of 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. [12] 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 precalculated 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. [14] describe video interfaces centred on 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 [6].

A more complex video focused meeting browser is described by Lee
et al. [23]. 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

Table 1: Overview of Taxonomy including typical indexing 
elements for each class of browser.

PERCEPTUAL SEMANTIC

Audio Artefacts

• Speaker Turns
• User Markings

• Presented Slides
• Personal Notes

Video Discourse

• Keyframes
• Participant Behaviour

• Transcript
• Mode of Discourse
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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 [6].

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 presented slides 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.

Cutler et al. [9] 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 following 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. [35] 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 and found to be useful both in the
field and in lab experiments. 

The use of notes to assist recall of meetings was also investigated by
Moran et al. [27]. 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.

Bett et al. [3] 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 [31] also features the transcript alongside video
and participant indexes (see Figure 1). 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.

Also included in this class is a browser described by Lalanne et al.
[22]. 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.
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Lisowska [25] (see also [21] for a good review of IM2 meeting
browsers) describes an interface to a meeting archive which makes
use of a library metaphor for presentation. Each meeting is
represented as a book on a shelf, a meeting itself is represented as
pages within one of these books. The interaction between the user
and the system is done through natural language prompts and,
furthermore, the system allows the user to search the full meeting
archive in order to locate meetings of interest.

Cremers et al. [8] describe an index-centric browser, but one which
greatly increases the number of indices available to the user. Further
to the indices is a search mechanism which allows users to also
search the indices to locate points of interest. The indices include
emotions, gestures, items, people, locations, topics, meeting
locations. It should be noted that the search is across a number of
meetings. The interface affords a video display combined with audio
playback for the chosen meeting segment.

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. At the interface level, however, the index-
centric approach taken by these browsers prevents the complexity of
the annotations from leading to a complex interface.

3.  SUMMARY
Returning to the grouping shown in Table 1, it can be seen that there
is increasing complexity both vertically downwards and horizontally
to the right. Thus the discourse browsers, because of the larger range
and type of data that are focused upon, are generally more complex
than browsers in other classes

Despite the range of data and complexity of the browsers examined
here it can be argued that the mode of access and intended use is
largely similar across all the browsers. The expected use of the
browsers is index centric random access: users make use of a number

of indices to both navigate the meeting recording and to identify
points of interest. There are exceptions to this mode of access: for
example, several browsers make use of a search facility. 

Given the overview and analysis of meeting browsers presented
above, the following sections highlight problems and potential areas
for future research in browser development.

3.1    Browser Evaluation
In our previous analysis of meeting browsers we highlighted the lack
of evaluation of meeting browsers - generally browsers are
developed without any formal evaluation. Any evaluation that does
take place focuses on specific aspects of the browser interface rather
than examining the overall browser experience. In the interim,
substantial effort has been made in designing and testing a browser-
independent evaluation (BET) [32]. Briefly the BET comprises two
stages. In the first stage a small number of judges watch meeting
recordings using a standard media player and make a number of
observations of interest. These observations of interest relate to
outcomes of the meeting which the meeting participants themselves
found interesting. Each observation of interest is stated as a true-
false pair of statements. In the second phase a large number of
participants are successively given one side of an observation of
interest. The participants must then use a designated browser to
determine whether they have been given a true or false statement.

The browser is then scored according to the ability of the participant
to correctly classify the observation of interest in the minimum
amount of time. Since the meeting recordings and observations of
interest can be made into an evaluation corpus, browser designers
are able to evaluate their browsers independently of each other and
to produce comparable scores. Once the materials are available and
the BET procedure standardised it can be seen that any new browser
can be easily compared to the field. The BET has limits however; for
example, it cannot be used to evaluate the utility of a browser in
determining the gist of a meeting, nor does it address subjective user
preferences

3.2    Text Processing
Whilst there is an increased use of search capabilities in meeting
browsers, the index-centric focus tends to overlook the use of other
text-processing techniques. To further compound this problem
producing a summary of a meeting recording requires a different
approach to that used to produce textual summaries which have been
developed for written documents. However, it can be seen that some
form of summarisation would not only be useful for assessing single
meetings but would also be desirable for analysing multiple meeting
recordings.

It can also be seen that further text processing would be
advantageous for meeting browsers. Several studies [36;17;24] have
shown that users of meeting browsers are largely interested in
determining personal action items or key decisions, both things
which text processing techniques can be used to identify and both
things which are largely lacking in the current generation of meeting
browsers.

Figure 1. Example of Ferret interface [31]. 
See http://mmm.idiap.ch
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3.3    Motivations
As briefly mentioned in the introduction, there is also a need to
determine the informational needs of users of meeting browsers.
There are questions about what information different classes of
meeting participants (e.g. attendees, non-attendees, managers etc.)
wish to extract from meeting recordings. Furthermore there are
questions as to the ways in which these disparate users want to
access this data.

There has been some research which address these issues [17;36]
and some meeting browsers have been constructed using principles
derived from these studies [25;8] These studies, however, do not
examine the informational needs with regards to the more complex
annotations (e.g. emotion, gesture etc.) that are being extracted from
meeting recordings. Future browsers should build on the analysis
work being undertaken and also investigate how best to make use of
the more complex annotations.

3.4    Multi-Meeting Analysis
It is clear that meetings are not isolated events. Ideas and decisions
can occur over a series of meetings and thus future meeting browsers
should attempt to move away from the current perspective of just
examining single meetings. The current approach to leveraging
information across several meetings is to focus on using search
procedures to identify a relevant meeting from a set of recordings
and then using some form of viewing mechanism to review the
meeting.

It can be argued that a more integrated view of multiple meetings
will be advantageous for users of meeting browsers. This is a
difficult area to examine since, whilst already having experience in
reviewing records for single meetings (via minutes or personal
notes), meeting participants currently have no means of easily
reviewing a series of meetings. However it can be argued that,
because of the flow of information across several meetings, a multi-
meeting analysis tool will be beneficial to meeting participants.

4.  CONCLUSION
This paper has revisited the state of the art of meeting browsers. A
preliminary grouping of meeting browsers was outline, in which
meeting browsers are categorised according to their focus. Four
groups of browsers were described - those that focus on audio, video,
artefacts and derived or discourse features. Following a description
of each of these four groups, four areas for future research were
described. It is clear that, as more complex annotations and derived
data forms become more mature, so the complexity and maturity of
the meeting browsers making use of this data will increase.
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