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Abstract. Our aim in this paper is to outline a fruitful collaboration between the discipline 

of CSCW and the technologies of Web 2.0 within the scope of the enterprise.  The 

collaboration is two-way: the technologies of Web 2.0 can be used to build systems that 

enhance collaborative work in the enterprise and the methodology of CSCW can be used 

to understand how people use Web 2.0 technologies and how they result in the 

production of knowledge.  Conversations represent the core means of collaboration in the 

enterprise. This paper presents our vision of how a tagging and social software-based 

framework can be realized for achieving persistent conversations that can be annotated, 

searched, retrieved, and shared. Additionally, we show how such a framework can help 

discover links and relationships between users, topics and communities. We have a 

preliminary implementation of a system based on the proposed framework. 

 



Introduction 

The advent of Web 2.0 and its associated technologies such as blogs, social 

bookmarking/tagging, social software, wikis, and RSS feeds have ushered in a 

new way of experiencing the web. It has changed the user experience from a 

static, consumption-based, individual model to a dynamic, participation-based, 

collective model where the individual is empowered to voice his/her opinion and 

leave a mark and the collective power of the user community emerges through 

social connections, opinions, and ratings. The counterpart to Web 2.0 in the 

enterprise is Enterprise 2.0 [15], which refers to the use of emergent social 

software platforms within companies, or between companies and their partners or 

customers. 

Many of the Web 2.0 technologies aid aspects of community building such as 

contribution, sharing, and awareness. These aspects are inherent goals of CSCW 

and we believe that there exists a great potential for enhancing aspects of 

collaborative work through Web 2.0 technologies. With a view towards this, we 

present our vision of how Web 2.0 technologies, primarily tagging and social 

software, can be used to enhance a critical means by which collaborative work is 

achieved in the enterprise – conversations. Conversations form the core of how 

distributed communities, a major entity in a globalized workforce, realize 

collaborative work [17]. Conversations take on various forms such as spontaneous 

interactions, group meetings, presentations, and customer-service calls and they 

span a myriad of means, from email, audio, Instant Messaging (IM), face-to-face, 

and web-based technologies for sharing content. While some of these such as 

email have a strong notion of persistence, where the artifacts of the conversation 

are stored and is essential for sharing in a community, others such as audio have 

much weaker notions of persistence. Again, some such as email are well-

grounded in sharing in a community through practices such as email-forwarding 

and copying. Others such as audio are weak with respect to such practices. 

Another aspect of conversations in an enterprise, that has a bearing on sharing, is 

the strong notion of privacy as opposed to the very loose notion of privacy on the 

web. Some types of conversations such as those on individual performance 

between an employee and a supervisor are inherently considered very private, 

while others such as a presentation on a topic that is relevant to the general 

community are considered public. While persistent conversations can be viewed 

as being accessible and shareable by the original set of participants, the access to a 

broader community has to be determined. In general, existing practices in the 

enterprise and personal judgment on the part of participants in a conversation can 

serve well to determine the target community for sharing conversations beyond 

the original community of participants.  

It is our claim that all means of conversations have a great deal to benefit from 

technologies such as tagging and social software. Tagging adds meta-information 



to conversations that helps to categorize, search and retrieve them. In addition, the 

basic philosophy of a folksonomy or a user-generated taxonomy can be coupled 

well with user-generated content such as conversations, where users have intimate 

knowledge of a dynamic community-based vocabulary. Additionally, if social 

software with associated social network analysis is wrapped around a tagging-

based structure for conversations, it can realize a powerful framework for 

discovering relevant conversations, users, topics, and relationships between users, 

communities and topics.  

This paper presents our vision of how a tagging and social software-based 

framework can be realized for conversations in an enterprise. We have focused on 

audio conversations because they have the weakest notions of persistence 

associated with them and it would be interesting to study how they would benefit 

from the framework. However, the framework can easily incorporate other types 

of conversations such as email or IM. We first discuss the motivation behind the 

design of the framework, focusing on how such a framework is entrenched in the 

processes and practices in the enterprise, the role of context in the framework as it 

embodies user activity and interaction, and how the tags generated by users can 

embody different user intentions. We then discuss the practical motivation for the 

framework followed by a scenario that illustrates various anticipated uses of a 

system embodying the framework. This is followed by a detailed description of 

the system that includes a computational model for the tagging activity of users 

around conversations and an implementation. The paper concludes with directions 

for future work. 

Motivation 

Conversation is the most important resource for collaborative work in the 

enterprise.  Team-members rely on a variety of channels to converse: face-to-face, 

email, IM, voice etc.  Our main aim is to enhance conversation in the enterprise, 

particularly audio conversations.  We have chosen to use the Web 2.0 technology 

of “tagging” to do this.  There are two reasons for this choice: a philosophical 

reason: that tagging could be used to construct a computational model of context-

as-interaction and a practical reason: that the sheer number of ways in which tags 

can be used (and are used on the web) make tagging a good candidate to use to 

make conversations persistent. 

The Philosophical Motivation 

There are two aspects to ongoing research in CSCW.  First, how do human 

beings accomplish their daily routine tasks especially when communication 

between people is computer-mediated, with computer-specified procedures?  

Second: “How does one design to augment people’s capacity to act?”  [21]  



CSCW studies the first problem by ethnographic techniques.  The second problem 

is pragmatic.  Given the capabilities of the digital computer – enormous storage, 

efficient indexing, quick retrieval, and versatility of purpose –   how can these 

capabilities be a resource for the accomplishment of practical tasks?  There is a 

seeming dissonance between these two objectives.  Ethnographic studies stress the 

small details, the hard-to-formalize, small, minute ways in which people adapt to 

their situations.  System-building on the other hand, invariably involves elements 

of reductionism, since computer programs need a well-defined representational 

framework, in order to work which invariably means papering over the small 

details, and creating rough categories. 

Both of these objectives, however, are rooted in a particular philosophical 

stance, which marks their difference from other fields of computer science that 

study multimedia and human activity.  This difference could be captured in the 

difference between the words “process” and “practice” [5].  Processes (e.g. work 

processes) are formalized procedures by which work is conducted; practices (e.g. 

work practices) are the routine day-to-day ways in which these procedures are 

interpreted and actually performed.  We have done prior work on automating 

workflows that establish collaborations between people in an enterprise based on 

the knowledge of people’s collaborative practices [10].  

These day-to-day, moment-to-moment situations of the use of technology are 

called “context”.  In contrast to other disciplines (like Ubiquitous Computing), 

CSCW views context as an interactional problem, rather than as a representational 

one [6].  The idea of context as an interactional problem involves four aspects:  

� Contextuality is a relational property 

� The scope of contextual features is defined dynamically. 

� Context is an occasioned property 

� Context arises from activity. [6] 

These ideas have important consequences for a computational model of 

context.  Computer systems cannot exist without embodying some representation.  

However, these insights suggest that we need to rely not on representation that 

focuses on description but a representation that stresses action.  What would such 

a representation be? 

Michael Wheeler, in his argument for moving to a fundamentally Heideggerian 

approach to cognition [20] suggests that representations need to be “action-

oriented” rather than trying to describe the world. Such representations are used in 

the new field of behavior-based robotics [4] where, to quote Wheeler: “… the 

world is itself encoded in terms of possibilities for action [original italics]”.   

Wheeler argues that a robot while moving from one position to another, while 

avoiding objects, need not conceive of the object as such-and-such.  That is, if a 

robot encounters a safety-pin lying in its path, the said pin, for the robot, is only 

an obstacle to be avoided.  A human body lying in its path is also an object to be 

avoided.  The representations are in terms of possibilities for action: something-



to-be avoided, something-to-be-grasped, something-to-be-kicked, and so on.  At 

the same time, it must be noted, that these are not descriptive that the robot draws 

upon, instead they arise holistically from the robot’s architecture. 

We now discuss the following: Can the Web 2.0 practice of “tagging” help us 

construct a computational model of context as interaction, consisting 

fundamentally of action-oriented representations?  To realize this, we first 

contrast tagging with the notion of “meta-data” that is used extensively by 

multimedia researchers.   

The idea of semantics in multimedia means mapping a multimedia stream 

(data) to a label (meta-data). Thus, we have the data-metadata divide [16].  Data is 

the real data, where the meaning resides.  The meta-data describes or represents 

aspects of the data (perhaps in terms of the “who, when, where, what”).  One way 

of construing tagging is that it is a form of meta-data that is shared between users 

except that there is no “pattern” (such as who, when, where, what) to this meta-

data.  We believe that this distinction, while admittedly useful, does not capture 

the full capability of tagging.  Tags are useful precisely because they are 

unstructured.  But more importantly, tags are useful because they allow people to 

act rather than simply being passive descriptions of “data”.   

For example, in web-based collaborative tagging systems like del.icio.us [1], 

tags are used in at least three ways:  

� Tags as categories, descriptions: Tags that describe a resource.  E.g. 

broad categories like (politics, economics, music) or specific keywords 

like (bush, gore, politics, iraq, war) 

� Tags as opinions, reminders:  Tags that comment on a resource or 

serve as reminders for actions.  E.g. tags like stupid, idiotic, fun, funny, 

interesting or comment, tocomment, mycomment etc.   

� Tags for mutual awareness: Suppose a group of people subscribe to a 

tag, say, “avaya” (i.e. they get notified, via RSS feeds, when any 

bookmark is tagged with the word “avaya”).    In this case, when any 

one person of the group wishes to bring a bookmark to the attention of 

others, he tags it with “avaya”.  Here the tag “avaya” functions as an 

artifact that raises awareness between the participants and informs them 

about each others’ activities.   

Thus, a web of actions and practices gets created around the tags; they get 

embedded in relationships with users, with other tags, with URLs.  An action-

oriented computational model for collaborative activity in the enterprise can be 

created.  Two models of computation, both of them action-oriented, Social 

Network Analysis [19] and Dynamical Systems Theory [18] could be used to 

construct such a computational model.   

We explore such a system, which allows users to tag audio conversations, in 

the next section.   



The Practical Motivation 

Persistent (Audio) Conversations 

Communities in the enterprise have relied on a variety of media such as face-to-

face, email, instant message (IM) and voice for engaging in conversations. While 

documents, code, webpages, wikis, blogs, etc. form repositories of knowledge, 

conversations embody knowledge creation and sharing through interactions in 

enterprise communities [17].  Our aim is to build a system for persistent audio 

conversations in the enterprise.   Persistent conversations are stored and 

retrievable and enable the enhancement of future communications. 

We use the term “persistent conversation” in a certain sense [7].  One sense, 

perhaps the primary one, is storage – meaning we would like to be able to store, 

access and retrieve (audio) conversations.  However the notion of persistence is 

deeper than this.  When we talk about making computer-mediated conversations 

persistent, we want to make available new avenues for action.  That is by 

appropriate, storage, retrieval and presentation of traces of past conversations, we 

hope to enable new ways for acting and doing, and develop more resources which 

can aid people as they go about accomplishing their daily tasks of interpretation in 

the enterprise. 

For reasons outlined above, the ability to use persistent (audio) conversations 

must be integrated into the practices that evolve around audio conversations in the 

enterprise.  These are:  

Channel: Audio conversations in the enterprise can happen when the 

participants are either face-to-face or through a telephone (these could be standard 

IP phones or soft-phones like Skype).  We are primarily interested in technology-

mediated audio conversations because (a) audio streams are easier to capture and 

analyze, and (b) most enterprises today are distributed with teams being composed 

of collaborators who rarely see their colleagues in person.     

Form: Form depends on the degree of spontaneity and reciprocity that audio 

conversations permit.  A rough classification would be: (a) scheduled 

conversations, such as regular team meetings and, (b) unscheduled conversations, 

which are spontaneous and contingent.   

Cognitive aids: Perhaps the most important resource that participants draw 

upon is a shared visual artifact.  Visual artifacts help the participants construct 

productive and useful conversations via audio.  Some of the visual artifacts that 

are used are: (1) common documents (both computer-based and paper), (2) the 

internet: participants in a phone conversation may refer to the internet to find out 

information.  When there are no shared visual resources, studies of remote 

banking services [14] found that the participant in a phone conversation with 

access to the visual artifact strives to explain and narrate aspects of the visual 

artifact to the other participants.   



The notion of tagging is an important part of our system for persistent audio 

conversations.  The use of tags, especially in the form of collaborative tagging, 

offers huge benefits. Tags can function as more than simply “descriptors” of data 

– even more so in this case, when the tagged resource is conversations.  Tags can 

function as the equivalent of notes that people make during audio conversations.  

Alternatively, a tag could be a path to the shared visual artifact that was used by 

the conversation participants to help understand each other.  Or tags could 

function as artifacts that bring about mutual awareness between workers in a 

distributed enterprise.  But, perhaps most importantly, using tags will help us 

come up with a context model of collaboration in the enterprise that is interaction-

based rather than description-based.  

In the next section, we explore a scenario to illustrate how tags can be used to 

generate persistent audio conversations.   

Scenario and Overall Vision 

In this subsection, we describe a scenario involving four collaborators who are in 

the midst of a research meeting (collaborating). The scenario will help illustrate 

the various functional features that we want to support: 

� Participants of an active audio conversation can tag the ongoing 

conversation or parts of it. 

� Users (participants and non-participants) can tag parts of past 

conversations. 

� The access to user, tag, and conversation data is governed by an 

authentication and authorization model where a user is granted access 

to the data based on a set of granted permissions.  

� Conversations, users and tags have associated notions of relevance, 

which is based on a computational model of action, in the social 

network that they are embedded in. 

� Conversations have automatically generated metadata/tags such as 

participants, date, relevance, and associated artifacts.  

� Users can retrieve conversations by searching on keywords (or other 

users) that have been used to tag conversations. 

� The retrieved conversations can be rendered as sequential lists (that are 

time-ordered or sorted based on relevance etc.) or as a social network 

visualization that presents the inter-relationships between users and 

tags based on the tagging activity. 
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Figure 1: Application View depicting selection of a conversation after a refined Query. Two Participants 

Ajita and Shreeharsh have been queried for, the center circles represent conversations in which Ajita and 

Shreeharsh have participated or tagged. Circles in light green near the sub-queries are those conversations 

associated with only one of the sub-queries. 

 

We now describe the scenario in detail. Four workers in different locations are 

having a research meeting: Ajita and Shreeharsh in New Jersey, Ed in South 

Carolina and Doree in New York City.  They are discussing through a soft-

phone/hardphone the draft of a paper they have written on Web 2.0.  The phone 

interface provides facilities for starting and stopping the recording of audio calls. 

In addition, all of them have access to an application that provides facilities for 

searching, retrieving, and tagging of conversations, sharing of conversations and 

associated tags with non-participants, playback of recordings, visualizations of 

social networks etc.  (Audio recordings i.e. calls can be shared with others in the 

enterprise, if the participants so wish.  At this stage, we will not be exploring 

different privacy scenarios but simply assume that data about conversations, users, 

and tags are governed by an authorization model).   



Ajita reminds Shreeharsh of a part of their conversation two days ago when 

they had discussed a particular point that had not made it into the draft of the 

paper.  Shreeharsh remembers that he has tagged that particular part of his 

conversation with Ajita.  He brings up the visual user interface shown in Figure 1. 

The interface is organized into three parts: a main visualization frame on the left 

(consisting of conversations retrieved through a search box at the top left) where 

circles represent conversations, the size of the circles represent the relevance of 

the conversations, smiley icons represent users and label icons represent tags; a 

bottom right frame which shows a list representation of the retrieved 

conversations; a top right frame which shows the details of a conversation 

selected in the main frame. In the main frame, a line between a conversation and a 

user indicates that the user has participated in or tagged the conversation and a 

line between a conversation and a tag indicates that the tag has been associated 

with the conversation by a user. If the cursor is brought over any entity (“mouse-

over”) in the main frame, the details of that entity are shown.  

In the text-box indicating “search” in the top left-hand side of the visual 

interface, Shreeharsh types in “paper web 2.0” and around twenty conversations 

pop up. He then refines the search by introducing ‘Ajita’ and ‘Shreeharsh’ as sub-

queries. The first result in the bottom right frame   is his conversation with Ajita 

two days ago (in the main frame, it is the orange circle in the middle connected to 

Ajita and Shreeharsh).  He also notices that there are other conversations tagged 

with “web 2.0” and “paper” – one apparently between Ajita and Doree, and the 

other one between three people whose names he recognizes but whom he does not 

know.  He makes a mental note to mention it to the others that, possibly, another 

group of collaborators is working on a paper on the same topic. 

He double-clicks on the conversation with Ajita; the top right frame in the 

visual interface (see Figure 1) now shows him the structure of the conversation.  

He clicks on the tag “web 2.0” and the part(s) of the conversation tagged “web 

2.0” are played back to him (he has his telephone on mute so that others cannot 

hear the playback).  He listens for a few seconds, and quickly remembers the 

details of the point they had decided to include in the draft.     

When the opportunity presents itself, he brings up the point.  Some animated 

discussion follows and he realizes that he and Ajita have different interpretations 

of that point. Ajita suggests that Shreeharsh replay the relevant part of their earlier 

conversation so that Ed and Doree can get the context and can make their own 

judgments.  Shreeharsh plays the relevant part of the conversation again, this time 

making sure that his phone is not on “mute”. Some more discussion ensues and 

they make a quick decision about what is to be done.  Shreeharsh decides that he 

has to make a note of this.  He retrieves the details of the current conversation on 

the right-side of the visual interface He locates the relevant part and tags it 

“important”.  Randomly, he scrolls up and finds out that Ed has tagged other 



portions of the current call with tags that interest him. Shreeharsh tags the portion 

(the one that Ed has already tagged) with the tag “discuss with Ed”.   

At some point, Ed checks the visual interface and scrolls though the entire 

conversation.  He notices the tag “discuss with Ed” and asks Shreeharsh about it.  

A few minutes of discussion follow and then, they all hang up. 

Sometime after the call is over, Doree accesses the tagging application.  She 

brings up the conversation that just got over and tags it as “J2EE”, as much of the 

conversation dealt with specific implementation details.  On an impulse, she 

decides to look at how many other conversations have been tagged J2EE by using 

the search box in the interface. Rather than simply looking at the list, she looks at 

the social network visualization. She receives a rendering of the relevant social 

network as shown in Figure 2, where the prominent users of the tag J2EE appear 

as nodes in the network. The placement of the color-coded conversations 

represents their relationship to the nodes. She quickly sees that Mike, Adithya and 

Reinhard seem to have a number of conversations associated with the topic of 

interest. Furthermore, it is probable that Adithya and Mike have worked together 

in this domain as the social network reveals that a significant number of 

conversations have occurred between them on this very topic. 

On inspecting the other conversations associated with the node “J2EE”, she 

finds there are others in the enterprise who have tagged conversations with 

“J2EE”, but most of them are not relevant for her since they use the tag J2EE 

occasionally. She thinks these prominent users and the tags they have used may be 

Figure 2: The Social Network Visualization depicting conversation Distribution between 

prominent users for a Tag. 



relevant for future work. She notes their names for future reference and then 

dashes off a quick email to Ed, Ajita and Shreeharsh with those names. 

     The scenario outlined above gives a vivid idea of what we mean by 

persistent conversations.  Tagging conversations or parts of conversations, and 

making the results available back to individuals, results in the creation of a rich 

resource, which can be used by individuals, in addition to their continuous use of 

other resources, for the accomplishment of work.  The scenario also gives a brief 

idea of (a) how tagging is accomplished, and (b) how tags can be used (although it 

is hardly possible to make an exhaustive list of how persistent conversations 

might be used as a resource by individuals in the accomplishment of work.  This 

can only be done by closely observing the practices that arise around such a 

system when deployed in a real work environment).   

Benefits of Collaboratively Tagged Conversations in the Enterprise  

For an individual:  

� At the most basic level, tagging and recording allows a user access to 

his conversations.  Since knowledge manifests and spreads through 

conversations, this is beneficial since it provides the user access to his 

own knowledge base; moreover, a user can also search and retrieve 

specific conversations or parts of conversations.   

� Tagging is like note-taking, which functions both as a memory-aid and 

a summary of actual conversations.  But, because tags (and thus 

conversations) can be searched and retrieved, our system functions as a 

hypermedia machine, allowing us free-associative access to our 

conversations.   

� The other important thing is that tagging is collaborative which means 

that multiple users tag their shared resources.  By analyzing this data 

and looking at the relationship between users and tags, and then 

presenting this information back to the user, we enable a user to see his 

social context, and the communities he is embedded in.  This is 

important since it provides him access to different communities and 

other users, with whom he may have had no contact, in normal 

circumstances.  For example, a sales associate can reach out to another 

sales associate who is revealed through the social network to have 

conversations with a desired customer.  

� Since the act of tagging can be performed during an active 

conversation, by making users aware of each other’s activities – mutual 

awareness – we can help in making their conversation richer and 

provide one more resource for better interpretation i.e. the act of 

tagging and the tags themselves.   

 

 



For the enterprise 

� Analysis of collaboratively tagged data can reveal interesting patterns 

for an enterprise. 

� Important conversations: If conversations are the way knowledge 

spreads and is manifested in the enterprise, analysis can reveal 

important things about how knowledge is flowing.   

� Expertise communities: If one thinks of the tags as “topics” of 

conversation, the analysis of people and tags gives an enterprise an idea 

of expertise communities, i.e. the networks of people that grow around 

a tag [11,12].  This, in turn, can help figure out how to connect different 

enterprise communities to each other, thereby increasing the efficiency 

of the enterprise.   

� Enterprises contain wide networks of people, both formal and informal.  

By formal networks, we mean the formal hierarchies (manager, 

employee, assistant manager, etc) and separations (sales, marketing, 

research, etc) within an enterprise.  The analysis of communities and 

networks within the enterprise can determine whether the hierarchies 

and separations are functioning well.  For example there is a problem in 

the inter-department channels within an enterprise if the marketing and 

sales communities do not seem to be communicating.   

System Details  

We have completed a preliminary implementation of the system described 

above. Figure 1 and Figure 2 are screenshots from the implemented system. In this 

section, we present the different components/capabilities that such a system 

minimally needs.    We also describe a preliminary computational model for 

calculating the relevance of a conversation given a particular query. 

Preliminary Computational Model for Tagged Audio Conversations 

In this section, we present a preliminary computational model for tagged (audio 

conversations).  Collaboratively tagged conversations consist of three layers of 

information (shown in Figure 3).  The layers are:  

� Conversation artifacts (C1, C2, C3, C4): These are the artifacts of 

conversation.  The artifact for audio conversations is an audio-file:  a 

recording. 

� Tags (T1, T2, T3):  Tags are user-defined keywords (single words or 

phrases), attached to the conversation artifacts, either by the 

participants or by others in the enterprise.  The tag layer connects the 

people in the enterprise to conversations.  



� Users (U1, U2, U3, U4): The users of the system are the people in the 

enterprise, who are constantly using/accessing the tags and the 

conversations. 

 

 

What actions are possible in the system?   

� A conversation takes place (or is ongoing) between a group of people 

(the blue arrows labeled “participate” in Figure 3). 

� A user tags a conversation with a certain tag (the green arrows labeled 

“tag” in Figure 3). 

� A user listens to a conversation (the yellow arrow labeled “listen” in 

Figure 3)  

� A user queries for a certain term (which could be mapped to a user or a 

tag or a combination of both users and tags).  These are shown by the 

black arrows labeled “query” in Figure 3.   

We have represented our network in terms of a graph with the nodes consisting 

of conversations, tags and users.  The edges represent actions.  The weight of the 

edge is proportional to the number of times an action took place.   

We want our model to provide the following when a user searches (or browses) 

for a conversation or a set of conversations:  

� The relevant conversation(s) itself 

� The relevant topics (tags) and people related to the conversation of 

interest 

Figure 3:  A graphical model for tagged conversations.  C1, C2, C3 and C4 are the artifacts of 

conversation (i.e. audio files); T1, T2 and T3 are tags, while U1, U2, U3 and U4 are users.  The blue 

arrows (marked “participate”) indicate that users U1 and U2 participated in C1.  The green arrows 

(marked “tag) indicate that user U3 tagged conversation C3 with tag T2.  The black arrow (marked 

“query” shows that user U3 queried for conversations related to user U1, while user U4 queried for 

conversations related to tag T3.  The yellow arrows (marked “listen) indicate that user U4 listened 

to conversation C4.      An edge connecting one type of node to another indicates a certain kind of 

action.  The strength of the edge will depend on the regularity with which the action occurs. 



� Additional people and tags that we may refer the user to, in case the 

relevant piece of information is not found. 

In order to do the above, we use Kleinberg’s hub-authority model (HITS) [13], 

which is based on the notion of centrality in social networks [8].  Roughly 

speaking, nodes that have a large number of incoming links are called authorities 

(meaning these are authoritative sources of information given that they are 

relevant to a certain query), while the nodes that have a large number of outgoing 

links are called hubs (meaning that they can be used as stopping points on the way 

to authoritative sources of information).   

Thus, in the case of our model: 

� A conversation becomes authoritative if many users have listened to it 

many times, and if it has been tagged many times. 

� A tag becomes an authoritative tag if it has been queried for many 

times. 

� A user becomes an authoritative user if she has participated in a number 

of conversations 

Also:  

� A conversation becomes a hub if it has many participants 

� A tag becomes a hub it has been used by many users for many 

conversations. 

� A user becomes a hub if he has queried for and listened to 

conversations extensively. 

Our preliminary investigations using simulated data have shown us that this 

model of hubs and authorities can be very relevant for the enterprise when one 

wants to look for the right piece of information or otherwise look for the right 

person to ask the question.  Still more work on computational modeling of tagged 

conversations needs to be done. 

System Components 

Capacity for recording calls 

We concede that recording telephone calls presents a thorny privacy issue.  On 

one hand, there is an undeniable advantage to having access to one’s past (audio) 

conversations.  On the other hand, recording phone calls is something most of us 

feel queasy about, and understandably so.  However, we feel that users will 

balance the benefits of persistence with considerations of privacy depending on 

the type of conversation. A full deployment of our system must include a robust 

privacy safeguards. 

We have implemented the conferencing part of our preliminary system as a 

“meet me” type of conferencing bridge. A registered user is assigned a 

host/participant code and a registered user can join a conference call by dialing 



into the conferencing application using a single access number and by entering the 

code when prompted. The caller’s name will be announced to the host and then 

the call will be added to the conference call.   Participants have the choice of 

turning the recording of the audio streams on/off throughout the conversation.   

Our first prototype system has been built using an Avaya S8300 Media Server 

[2] and an Avaya Unified Communication Center (UCC) Speech Server [3]. Both 

of these are available Avaya media products.  Between them, they provide 

Automatic Speech Recognition (ASR) services, Text to Speech (TTS) services 

and H.323 call control functionality. 

 

Interface for tagging and retrieval of calls 

Let us consider the specific (audio) conversational scenarios that arise in an 

enterprise.  Generally audio conversations in the enterprise take place over either 

(a) a soft-phone, i.e. a computer connected to the network, or (b) a telephone.  In 

both these cases, tagging conversations and search/retrieval of conversations must 

be integrated into these channels and must serve as an easily-available resource 

that aids the completion of tasks.  Thus, the act of tagging must not present too 

much of a cognitive load, and at the same time, must not disrupt the actual 

conversation at hand.   

We have three core requirements: (1) a user must be able to tag the current (or 

previous conversations) through her soft-phone.  The tagging application must be 

integrated into the soft-phone as a plug-in.  (2)  The tagging-and-retrieval 

application must be available to the user by logging into a visual web-based 

interface. (3) The user must be able to tag or retrieve conversations via a 

simplified visual interface on her phone (IP phones generally come with a crude 

LCD screen).   Also, tagging and retrieval must be allowed through a voice 

interface via the telephone itself.  For our prototype system, we have built a web-

based visual interface to tag and retrieve conversations. 

Each way comes with its own set of affordances [9].  Tagging and retrieval via 

the visual interface (soft-phone or the web) offers the most in terms of action-

possibilities.  This is because the computer monitor, as a display device, can be 

used for extraordinarily detailed visualizations of (relevant) conversations and 

social networks.  Moreover, we are fairly well-versed in creating visual interfaces 

and users are also fairly experienced in using them.  There is the additional 

possibility of using sound and audio (since most computers today are equipped 

with speakers) to convey more information.  Rich input devices like the mouse 

and keyboard are available.  Furthermore networked computers are rich resources 

offering access to the internet, the corporate network and multiple modes of 

communication (email, chat, etc).   

Corporate IP phones (and now cellular phones) are equipped with 

internet/intranet access and a visual interface.  The visual interface of a phone 



does not afford the kind of visual expressiveness that a computer monitor allows.  

Thus, the visualizations must be smaller in scale and adapted to the phone display.  

Since input devices are not rich, tagging recommendations would have to play a 

greater role.  The visual interface may be used as a channel for mutual awareness 

between parties in a conversation.  This could function as a critical resource that 

contributes to mutual understanding.   

Tagging and retrieval by audio (if the phone does not have a visual interface 

handy) has the least going for it in term of affordance.  This would raise other 

issues: how does one query for conversations?  How would the results of the 

search be presented to her via audio?  What if one wants to tag groups of 

conversations instead?   

Summary and Future Work 

This paper explores the use of collaborative tagging to make audio conversations 

persistent so that users can annotate, search, and retrieve active and past 

conversations to use as resources for individual and collaborative work. By 

sharing tags, a community of users can draw upon the collaborative work of 

others resulting in a greater collective power than what is enabled today. We 

envision that the popularity of collaborative tagging for entities such as webpages, 

photographs, blogs, and video can be successfully extended to highly interactive 

content such as audio conversations to provide contextualized histories that 

enable increased productivity in collaborative work. 

We plan to deploy the implemented system for audio tagging for use within 

Avaya Labs. We further plan to study how users adapt it to their use, the 

effectiveness of the system through feedback from the users, and how the design 

can be improved. We also plan to explore various analysis and visualization 

techniques for the social networks as gleaned from the tagging activity. 
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