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Abstract. Knowledge workers often need to find, organize, and work with heterogeneous 
resources from diverse services, information stores, and repositories. This paper ana-
lyzes two problems that knowledge workers frequently encounter: difficulty in finding all 
relevant resources across diverse services, and difficulty in formulating and executing 
searches for resources related to their current activity-of-interest. The Malibu project ex-
plores solutions to these problems through a dynamic peripheral display that aggregates 
knowledge resources from multiple services to support activity-centric work. Of particular 
interest is the ability to select a knowledge resource and use it as a metonym (a proxy) for 
its social-tagging metadata in a tag-based search for related resources among heteroge-
neous services. We evaluated our solutions to these two problems through convergent 
analyses of quantitative (data log) and qualitative (interview and discussion data) data. 
Our partial successes show the strength of these new ideas, and indicate areas for future 
research. 

Introduction 
While working on a single, integrated activity or concept, knowledge workers of-
ten need to find, organize, and save heterogeneous resources. Using the concepts 
of activity theory, Bardram and colleagues have studied the assembly of diverse 
resources in medicine (Bardram, 200f5). Others have noted the heterogeneous re-
sources needed for knowledge work in activity management in offices (Bellotti et 
al., 2003; Ducheneaut and Bellotti, 2001; Halverson et al., 2004; Kaptelinin, 2003; 
Moran et al., 2005; Muller et al., 2004; Whittaker, 2005). A number of projects 
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have explored systems for supporting knowledge workers in assembling and using 
such heterogeneous resources (Bardram, 2005; Bellotti et al., 2003; Geyer et al., 
2006; Muller et al., 2004). 

During the same period, researchers have described knowledge workers’ issues 
with interruptions and interruption management. Knowledge workers frequently 
change tasks, either by choice or through interruptions (González and Mark, 2005; 
Iqbal and Horvitz, 2007; McFarlane and Latorella, 2002). Interruptions are com-
monly blamed for impairments in attention, task completion, and quality of work 
(Cutrell et al., 2001; Hudson et al., 2002; Monk et al., 2004). Several systems 
have intended to support knowledge workers by managing interruptions and/or by 
preserving or restoring context (e.g., Sen et al., 2006; Sullivan, 2006; Whittaker, 
2005).  

Organizing and Using Activity Resources 

Several research programs have explored support for context switching and re-
source rediscovery by organizing and integrating resources, tools, and people 
around the computational concept of a work activity (e.g. Bardram, 2005; Bellotti 
et al., 2003; Geyer et al., 2006; Gwidzka, 2002; Kaptelinin, 2003; Muller et al., 
2004). Many of these approaches have in common that they provide some struc-
ture within which all records of an activity may be collectively located and 
(re)discovered.  

In our research, an “activity” is a structured set of diverse objects that are 
shared among specified collaborators to accomplish a shared task (Geyer et al., 
2006; Moran et al., 2005; Muller et al., 2004). An activity can begin with some-
thing as simple as a chat or an email, shared between two people, and can grow 
into structured collections of over a hundred files, messages, chats, links, etc., that 
are shared among dozens of users, and that have lasting corporate value long be-
yond the time of the last update to any of the objects in the activity (Muller et al., 
2004). Alternatively, an activity can be instantiated from a stored customizable 
template (Moran et al., 2005). 

Representation Gap 

Activity-centric computing provides powerful tools to support collaborative work. 
However, one problem with activity support systems is that the user is burdened 
with manually managing the resources and the structure of many activities simul-
taneously. Worse, despite the fact that the various activity-based approaches allow 
the collection of heterogeneous resources inside a single structure, users often 
must continue to store some information in multiple services – e.g., documents 
and tasks in an activity-centric store plus feeds in a feedreader plus bookmarks in 
a social-bookmarking system plus communications events or logs in email or in-
stant messaging clients. As a consequence, much information that is part of the 
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cognitive model or otherwise related to the activity might not get captured or dis-
played in the formal representation (e.g., Bardram, 2005; Moran et al., 2005; Mul-
ler et al., 2004). We call this problem the representation gap.  

Currently, as noted above, users have to manage multiple information stores. 
Many of these stores do not even have the ability to link to relevant resources in 
other information stores. This problem is further complicated by the fact that, in 
complex activity environments, new resources are always being added to the 
community’s or enterprise’s various storage services by colleagues. Users need to 
be able to find these newly added resources whose relationship with their current 
activity structures has not yet been determined. With today’s tools, users must 
monitor multiple stores and services, including feeds from individual sources of 
information, and then must take manual actions to aggregate these diverse re-
sources into their activities.  

A few corporate services have experimented with socially-informed feeds, such 
as the ability to subscribe to individual users’ bookmarks in Dogear (Millen et al., 
2006) and the ability to receive alerts as colleagues added new information to 
team-based activities (Geyer et al., 2006; Muller et al., 2004; Sen et al., 2006). 
However, some of these experiments have led to a deluge of alerts with limited 
relevance to the user’s actual needs (e.g., Muller et al., 2004), and this problem 
has led to additional research into ways of limiting those information feeds and 
subscriptions according to individual actions or social recommendations (Sen et 
al., 2006). The research in this paper intends to aggregate many of these sources 
of new information, and to use a single, user-tunable method to control and limit 
the information from these sources. 

Metonymic Search 

In order to satisfy their information needs beyond what’s represented in an activ-
ity, knowledge workers typically use standard web or desktop search tools. How-
ever, this requires the user to interrupt their work and actively seek out informa-
tion. Since today’s search technologies do not take into account the user’s current 
activity, users need to manually encode their information needs through appropri-
ate search terms. Users typically try to identify key phrases that can be used in a 
search engine to find related resources. This strategy is labor-intensive, error-
prone, and fails to take advantage of available metadata about the user’s current 
activity or any object in general. Users would have an easier time searching if they 
could base their search on automatically derived attributes of the item of interest. 
In rhetorical terms, this could be called metonymic search – i.e., the use of the 
item itself as a metonym (a referent) for its attributes, and the execution of the 
search by specifying the item as a placeholder for its attributes. 

Several schemes have been developed that follow the Superbook model (Egan 
et al., 1989) of (a) selecting an item of interest and then (b) invoking an operation 
that is typically called “more like this.” However, these approaches generally 
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work only within their own domain (e.g., documents for Superbook, or webpages 
for Internet search engines), and are often procedurally opaque to end-users (e.g., 
the concept of vector-space cosine similarity in latent semantic indexing is diffi-
cult for most users to grasp). There appears to be no solution for our problem do-
main, namely helping users to cope with the representation gap by easily invoking 
a metonymic search for related items across multiple stores of heterogeneous re-
sources. The “Malibu System” Section (below) provides examples of tag-based 
inter-service search, and the scenario of use (below) provides examples of how 
tag-based searches can help to resolve the representation gap, and how a me-
tonymic approach to those searches can make them easy to initiate and manage. 
We used a stack architecture for all of our tag-based searches, which manifested 
in the user interface as the ability to return to previous states of our client. We be-
lieve that this design not only addresses the representation gap but also provides 
better support for recovering from interruptions since each stack represents a 
search context that can easily be restored. In order to support interruption man-
agement We we provided Malibu as a peripheral display that could be invoked 
and dismissed with a single gesture, leaving the user’s display with preceding, un-
derlying work intact. 

Summary and a Look Forward 

We developed the experimental Malibu system to assist knowledge workers in 
their activity-centric work, with the goal of improving or overcoming the limita-
tions of the current activity management approaches. Malibu aggregates and pro-
vides fast access to information from different data sources; it finds relevant in-
formation across data sources using social tags and person information; it allows 
the user to rapidly switch and restore contexts; and it helps users manage discov-
ered resources by flagging them as tasks.  

The organization of this paper is as follows. We describe the Malibu system, 
and we describe three issues that our design addresses to deliver value to our end-
users. We describe a field trial, in which we provided Malibu for download by 
employees in IBM. We then present usage data (logs and interviews); these data 
allow us to test our hypotheses of Malibu’s value. Finally, we close with a self-
critique and questions to be addressed in future work. 

Malibu System  
Malibu runs as a desktop side bar (“Malibu Board”) that slides out when users 
hover with their mouse at the left or right side of the screen.1 Malibu provides pe-
ripheral access to and awareness of multiple data sources contained in a series of 
                                                
1  Malibu is a research prototype. A full version of the system would include appropriate accessibility 

features. 
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configurable views, each one displaying multiple instances of a single type of 
data, such as tasks, bookmarks, and activities (see Figure 1). We envisioned that 
the user would invoke Malibu with a mouse gesture, would be able to work with 
old or new objects there, and would be able to dismiss Malibu with a second ges-
ture, returning to the pre-Malibu context of her or his work. As we will describe, 
some users preferred to work in this way, while others maintained a Malibu win-
dow open all the time (often on a secondary display), and yet other users com-
plained that the gestural-display user interface was annoying. 

Similar to the Google side bar (Google, n.d.), Malibu can be extended with 
new views and data sources. The system currently supports the following views 
and data sources: My Tasks (A), My Activities (B) from the Lotus Activities sys-
tem (Geyer et al., 2006), Dogear Bookmarks (C) from the Dogear social book-
marking system (Millen et al., 2006), and My Feeds (D), a feed reader that sup-
ports RSS and ATOM.  

We decided to implement Malibu as an extension to IBM’s latest corporate in-
stant messaging client Sametime 7.5 because the client gives us access to the peo-
ple information for Malibu’s search engine. All the aforementioned data sources 
(tasks, feeds, activities, bookmarks) have people information associated with 
them, i.e. an instant messaging client becomes an ideal launching pad for pivoting 
on people, e.g. search for all bookmarks of a certain user. There are also technical 
reasons why we used Sametime 7.5 as a platform. Sametime 7.5, based on Eclipse 
and Java, is designed to be an extensible framework. In particular, Sametime 7.5 
includes an infrastructure for easy deployment of extensions (plug-ins). Since 
Sametime 7.5 has a large install base in IBM, it allowed us to easily target a large 
user group. People are usually more reluctant to install new applications rather 
than plug-ins to existing applications. The download web site of the Sametime 7.5 
client also offered other plug-ins, so employees were accustomed to searching for 
new functionality there. Finally, the Sametime platform allowed us to leverage 
corporate directories and authentication resources.2 

Malibu Views 

Each view has a different set of features. Consider first the Activities view. As 
mentioned above, an activity is a shared structured collection of heterogeneous 
objects, assembled by members of a team, to accomplish a group objective; the 
objects in an activity may include documents, messages, files, and so on (Geyer et 
al., 2006; Muller et al., 2004).  

                                                
2  We explored possibilities to develop a Malibu-based people view, with enhanced capabilities. How-

ever, we thought it might be confusing to offer a second, seemingly redundant view of people (“bud-
dies”), even if our second view had greater functionality than the conventional buddylist.  
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Users of an activity (also known as “members”) often need to know the current 
status of the activity, or of one of the component objects within that activity. 
Malibu displays activities with updated information in bold, and sorts activities in 
terms of their relevance to the user. Malibu also supports user operations that are 
specific to activity management, such marking activities as important or unimpor-
tant. The Activities view also has filters to show only important and modified ac-
tivities. This way, users can manually manage and prioritize their activities.  

 

 
Figure 1. Malibu Board 



 185 

Similar filters are available in the Dogear view, which shows recent bookmarks 
from an enterprise social-bookmarking system (Millen et al., 2006).  

In contrast to Activities and Dogear, the feeds view allows people to add or de-
lete feeds, and to mark any feed as “read.” 

We also implemented a task view that provides the ability for other views to 
designate any item in Malibu as a task (including a user-controlled completion 
indicator) with a pointer to the original item. The main purpose was to provide 
some capability for the user to flag (or bookmark) resources discovered during the 
tag-based search as follow-up tasks for later review. 

Malibu Navigator 

At the top of the Malibu Board, is the “Navigator” (E) which can be used to bring 
any Malibu item, including people from the instant messaging client, into focus, 
i.e. items can be selected as pivot objects on which Malibu performs a tag-based 
or people-centric search (“Surf in Malibu”).3 When a user pivots (“surfs”) on an 
item, views are reconfigured to display contextual information related to the cur-
rent pivot object; which becomes the current focus of the board. For example, if 
the user pivots on a bookmark, the system uses the tags associated with that 
bookmark to execute tag-based searches for other Dogear bookmarks, activities, 
feeds, and tasks. If the user pivots on a person, the system uses that person’s name 
to search for bookmarks created by that person, activities in which that person is a 
member, and feeds that mention that person. The search can be refined by select-
ing individual tags or manually adding key words to the query. The details box (F) 
shows information about the current focus item, including the social tags from that 
focus item (which were used to perform the tag-based search in all of the views). 
Similar to a browser, the navigation buttons and the history drop-down menu can 
be used to restore the search results of previous pivot objects. Details such as tags, 
description and author information can be also viewed in a slide-out window by 
clicking on items in any view. 

Extensible Tag-Based Resource Aggregation 

Malibu thus provides views of several different types of data, including activities, 
feeds, shared bookmarks, and tasks. In practical business settings, users are likely 
to have a large number of these resources. As we noted earlier, the sheer number 
and diversity of these resources is likely to present problems to users. We de-
scribed the representation gap as the difficulty in discovering all of the resources 
relevant to a current activity or task. Malibu assists with that problem through the 

                                                
3  In our environment, tags are used to describe not only resources (Millen et al., 2006) but also activity 

records (Geyer et al., 2006), selected feeds, and people (Farrell and Lau, 2006). 
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use of automated tag-based search. Most of the resources in our environment have 
been tagged by users.4 

 
Malibu Extension 

Activities

Malibu Extension 

Dogear

Malibu Extension 

Tasks

Malibu Extension 

Feeds

Malibu Navigator

Publish / Subscribe Bus

Malibu Extension 

…

Search 

Request

 

Figure 2. Malibu Publish / Subscribe infrastructure. 

We designed Malibu to be extensible, i.e. developers can add new data sources 
and views to Malibu if the predefined set is not sufficient. Each Malibu extension 
implements the visual representation (view) and a search interface for tag-based 
retrieval that is registered with the Malibu Navigator component when the new 
Malibu extension is installed. In order to allow for a decoupling between the 
Malibu extensions (i.e. they do not need to know about one another), Malibu 
components communicate through an internal publish / subscribe system.  

When a user executes a “Surf in Malibu” operation on an object in one of the 
Malibu views, the corresponding Malibu extension submits a search request to the 
publish / subscribe bus as illustrated in Figure 2 for the Activities Extension. The 
search request contains the metadata of the focus item: name, description, tags, 
and people information. Each Malibu extension can register with the Malibu 
Navigator to receive search requests from the internal publish / subscribe system. 
Malibu extensions receiving a search request, analyze the tags associated with the 
selected item, and conduct a tag-based search. Each Malibu extension can inde-
pendently decide how to implement the search, e.g. whether or not to search the 
local cache versus issuing a request to a server, or both. Local search in our four 
out-of-the-box extensions is done through basic pattern matching of tags. The 
Dogear and the Activities plug-in also issue search requests directly to the servers 
of their data using REST APIs. Each Malibu extension updates its view with the 
search results ordered, for example, by recency of the item. The Malibu Navigator 
also receives the search request from the publish / subscribe bus and displays the 
search item as a focus item.  

In the same way, Malibu is also aware of the identities of users (encoded in the 
search request), and extensions can conduct searches based on identity as well as 
on tags. For example, we added a buddy list context menu and a button into the 

                                                
4  Tags are user-generated descriptive words or phrases that are, in general, visible to other users of a 

social bookmarking system such as del.icio.us (http://del.icio.us). For reviews, see Cameron et al. 
(2005); and Golder and Huberman (2006). 
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Sametime 7.5 chat window (see Figure 3) that allows users to trigger a “Surf in 
Malibu” action on their buddies. This also submits a search request to the publish / 
subscribe bus and Malibu extensions can perform a similar search on the buddy’s 
identity, showing items related to the searched person. Future versions of Malibu 
may make use of tags that have been associated with users, e.g., through an en-
hanced directory service that allows one user to write tags to characterize another 
user (Farrell and Lau, 2006). 

 

Figure 3. “Surf in Malibu” action integrated in the chat window. 

The tag-based and people-centric search are designed to help address the repre-
sentation gap by finding relevant resources across heterogeneous resource do-
mains and by providing sufficient data to evaluate the relevance of each returned 
object through tag-comparisons with the “surfed” object. 

Thus, in a simple sense, Malibu acts as a resource aggregator by collecting 
views of heterogeneous resources into a single user experience. In a more substan-
tive sense, Malibu acts as a sophisticated resource aggregator by finding and dis-
playing related and relevant resources through automated tag-based search lever-
aging common, social metadata of objects. 

Scenario of Usage 

The following usage scenario illustrates some core features and demonstrates how 
Malibu can be used to support activity-centric work. 

Kim, the lead member of a customer care team, opens the Malibu Board to 
start her day. The Activities view (B) shows her activities filtered by importance. 
Kim sees that there is a new collaborative activity named Roxy's Boxes of Rox-
bury. It is marked unread (bold) and shows up at the top of the activities list. Kim 
clicks on the activity and a details view slides out. Kim sees that the date of the 
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activity was yesterday afternoon; and the creator was Kelly from sales. The de-
scription says ÒRoxy's Boxes of Roxbury needs a business process modelÓ. Kim 
knows that Kelly will expect to see KimÕs responses and relevant resources added 
to that activity. Because RoxyÕs Boxes is an important customer, Kim knows that 
Kelly will be waiting anxiously for KimÕs response. 

Kim right-clicks on the Roxy’s Boxes activity and chooses ÒSurf in MalibuÓ to 
find resources related to the Roxy's Boxes of Roxbury activity (i.e., an object 
pivot). Malibu analyzes the tags that Kelly has already associated with the Roxy’s 
Boxes activity (as shown in Figure 1, these tags are Òboston, bpm [business proc-
ess model] , custom, smb (small-and-medium business market segment] , and the 
components of the phrase Ôbusiness process modelÕ.Ó In this display, Malibu has 
alphabetized the tags, emphasizing that each one will have the same weight in 
searches. Kelly could have overcome this system default, if needed, by hyphenat-
ing the phrase Òbusiness-process-model.Ó Kim could overcome this system default 
by modifying the tag list before invoking the search.). Malibu conducts a tag-
based search to find resources in Dogear bookmarks, Activities, and Feeds, that 
have been associated by other users with some or all of the same tags. Malibu 
views reconfigure their user interface to show resources related to the Roxy’s 
Boxes activity (E). The Activities view shows some related activities. Kim hopes to 
use one of these related activities as a template for meeting RoxyÕs needs for a 
business process model. One activity that is now displayed, Business Process 
Model for People’s Bank of Cambridge, looks very similar to the new Roxy as-
signment, and might contain useful modeling information. Kim right clicks on the 
People’s Bank of Cambridge activity and selects ÒCreate TaskÓ. A new task 
linked to that activity shows up in the task view and Kim renames it as Evaluate 
usability of BPM for Roxy’s. Kim can use this task both as a memory aid and as 
a link to the resource that is the basis of the task. 

An incoming chat from Mary interrupts Kim. Mary is asking for the planning 
documents for the ÒPharmaÓ project. Kim interrupts the current task, and the 
configuration of the Malibu board to support that task, confident that Malibu will 
be able to return to that configuration when the interruption is over. Kim right-
clicks and surfs on MaryÕs name in the buddy list (i.e., a person pivot). Malibu 
views use information about Kim and Mary to reconfigure, now showing all ac-
tivities that Kim shares with Mary. The activity Pharma Customer Planning ap-
pears in the list. Kim had previously finished the planning document that Mary 
was asking for, Kim drags the document from her desktop onto the Pharma Cus-
tomer Planning activity. As a result of the drag operation, Malibu automatically 
uploads the document as a new object in the Pharma Customer Planning activ-
ity. Kim replies to Mary in the chat, informing her that the document is complete 
and now available in the activity.  

To recover from the interruption, Kim presses the back button. Malibu recon-
figures into the pre-interruption state, showing Kim the context of her work before 
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MaryÕs interruption and the consequent reconfigurations that Kim had to make in 
order to work with Mary. Because Malibu preserves context, Kim can recover 
from MaryÕs interruption. 

Kim knows little about business process modeling in RoxyÕs business domain. 
She looks at the Dogear Bookmarks (C) and Feeds (D) views for related informa-
tion. Kim notices a feed entry with a news article that could be interesting to all 
the members of her Roxy customer care team. She drags and drops the entry onto 
the Roxy’s Boxes of Roxbury activity to share it with the team; Malibu creates a 
new object in that activity containing a link to the feed item. Kim also sees an in-
teresting shared bookmark referring to a BPM tutorial she would like to look at 
later. She drags and drops the bookmark into the task view, creating a new task 
linked to bookmark. In this way, Kim prevents a self-interruption: She avoids hav-
ing to read the BPM tutorial now, because she can create a link to it in a task that 
she can execute later. In the task view (A), Kim is reminded of the Evaluate us-
ability of BPM for Roxy’s task that she had created previously. She double-clicks 
on the task which opens up the activity the task is referring to.  

After reviewing the activity in the browser, she decides to take a new look at all 
her current activities. She presses the ÒhomeÓ button to restore overall work 
awareness again, clearing the previous focus on RoxyÕs. The Activities view shows 
all her activities newly filtered by importance, in keeping with updates and new 
resources that have been added since the last time Kim engaged in this overview. 

Intended Benefits to End-Users 

In summary we hoped that Malibu would improve knowledge workers’ experi-
ences in the following ways: 

Issue 1. Representation Gap: Malibu should help users to view resources 
relevant to their current activity, even if those resources occur in diverse services 
or stores. 

Issue 2. Metonymic Search: Malibu should support simple (one-click) opera-
tions to execute complex searches based on the attributes of an index item, across 
multiple services. 

Issue 3. Recovery from Interruptions: Malibu should allow users to recover 
from interruptions by through a simple “back” operation to access previous 
searches and views. Also, Malibu’s operation as a slide-out/slide-in sidebar should 
provide a useful peripheral display, providing and preserving work context when 
needed, but easily dismissed when not needed. 

We explored these three issues in an eight-month field trial. 
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Malibu in Practice  
We provided the Malibu client for download at an internal company website for 
early adopters of new technologies. Usage was entirely voluntary. As part of the 
installation procedure, we informed users that we would be collecting their data 
for study purposes. Users were at liberty to halt the installation if they did not 
want their data to be collected. The data reported in this paper come from a subset 
of the users who downloaded and installed the experimental Malibu client. The 
data were collected in three ways: 

• Usage logs were automatically recorded from each user’s client. 
• Telephone interviews were conducted with thirteen users. A fourteenth in-

terview was conducted via instant messaging, at the informant’s request. 
• A discussion database (internally called a “forum”) was maintained for 

asynchronous dialogue among users and the members of the Malibu team. 
Ultimately, this database contained both informal comments, requests for 
assistance, and answers, and also a somewhat more organized survey proc-
ess conducted by the company department that operates internal trials. 

We will organize the presentation of results around themes, rather than around 
the sources of our data. We precede those results with a discussion of some of the 
issues in conducting this kind of large-scale, elective trial. 

Description of the Sample 

Offering Malibu for company-internal download by a diverse employee popula-
tion was a good way to collect data and feedback, but it was also more difficult 
from a research perspective. Malibu was one of a large number of experimental 
plug-ins to the Sametime 7.5 instant messaging (IM) product, which was itself 
undergoing rapid beta-version development iterations during our trial. Company 
culture encouraged employees to download any and all of the plug-ins, whether or 
not the employee was using the services that were accessed through each plug-in. 
In order to filter out noise from users who had never used any of the services lev-
eraged in Malibu, or one-time curious early adopters or beta testers, we focused 
our report of early experiences with Malibu on a subset of 57 users who partici-
pated in one or more of the services, and who made strong use of Malibu func-
tionality.5 We consider these 57 users to be representative of usage in the kind of 
“ideal case” that is often involved in the first usage of an experimental system – 
i.e., a small, carefully selected sample of users who have motivation to use the 
new system.  

Our sample of log records from 57 employees included women and men from 
16 countries. Most were not part of the research organization. Users’ jobs and 
                                                
5  We excluded logs from members of the Malibu team (authors of this paper plus two summer interns), 

because we didn’t want to treat our testing protocols and/or demonstrations as if they were real usage. 
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roles ranged from sales and distribution, to service delivery, to operations man-
agement, to training, to market intelligence analysts, to a researcher, and a variety 
of information systems responsibilities (e.g., architect, developer, designer). Us-
ers’ clients ranged from small and medium businesses up to US federal govern-
ment contracts. Roughly 20% were in IBM’s consulting organization Participants 
in the interviews were men and women from five countries, with a range of 0.5 to 
20 years in the company, and a range of Malibu usage history of 1.5 to 8 months. 
Interviewees were chosen from the same pool as the employees whose logs we 
studied, so their backgrounds spanned a similar range. Comments in the forum 
were from a wide range of employees; the comments ranged in content from one-
line “me too” messages to lengthy discussions of features and problems. 

Issue 1: Addressing the Representation Gap 

We designed Malibu to help users deal with resources scattered across multiple 
systems. One way to work on this issue was to examine how many times there 
was search content in more than one Malibu view for each of the 57 users. The 
lowest percentage of searches with content returned was 64.91 for the FeedsView. 
Thus, most of the views presented content most of the time. More than 70% of our 
sample received resources in at least two of the three views, and just over half of 
the sample received resources in all three views. On a statistical basis, there is 
evidence that Malibu was successful in reducing the representation gap for more 
than two thirds of our sample. 

A second source of data about the representation gap came from interviews. 
While discussing “best” and “worst” features of Malibu, users spontaneously 
commented that  

I use Malibu to level-set what I need to get done. I live and breathe in an interrupt-driven envi-
ronment. I use Malibu to return me to sanity. About half the time I need to dive into the details 
of an activity or a task (business operations manager) 

you could capture all the bits and pieces you are involved inÉ  itÕs a good idea to have it cap-
tured somewhere, for future use or if an auditor walks in (procurement program manager) 
Comparing Malibu with a similar web-based service, one user noted,  
The level of integration among all the component [ services] , that plugged in this, is what gives 
it the edge. (communications manager) 

Comments in the forum were convergent: 
It is great because [of]  the decision to integrate Malibu with [ instant messaging]  and Activi-
tiesÉ  (designer) 

The concept Ófind everything related to the activity IÕm working on Ó, is very powerful (busi-
ness operations manager) 
Users were also critical of aspects of these features. Several users argued that 

we had not completed the integration work: Malibu allows users to view and open 
existing activities, but  
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You canÕt actually create a new Activity fromÉ  MalibuÉ  you have to create in the web inter-
face [ to the Activities server] , then refresh the Malibu UI to see it, and work with it. (business 
operations manager) 
We were particularly intrigued with the critique that 
The collaboration capabilities of Activities are largely ignored in MalibuÉ  Ideally, IÕd like 
to... PUSH thoseÉ  results out to the members [of my team]É  (business operations manager) 

With regard to our first issue, Malibu has made some progress toward repairing 
the representation gap. The statistical results from the log analysis demonstrated 
that Malibu provides access to diverse resources from heterogeneous sources. 
User remarks in interviews and in the online forum indicate that people found 
those diverse resources useful. In some ways, the users understood our solution 
better than we did, and recommended ways to extend our solution to the represen-
tation gap into new services and features. 

Issue 2: Exploring Tag- Based Metonymic Search 

Our second Issue was that it would be valuable for people to be able to select an 
object and initiate a search across heterogeneous services for diverse objects simi-
lar to the selected object. We called this operation “metonymic search,” because 
the selected object was being used as a referent (a metonym) for its attributes. 
Searching (“surfing”) a unitary object (metonym) was equivalent to specifying all 
the attributes of the object (tags), in searches in all of the available services. More 
than 89% of the 57 users surfed on one or more persons, and over half of the sam-
ple surfed on Activities. About a quarter of the sample surfed on Dogear book-
marks, Feeds (some of which had tag or person metadata), or Tasks (which could 
optionally have tag metadata). The number of objects returned from each service 
was roughly proportional to the number of searches. 

Crucially for part of our claim of metonymic search across diverse services, 
surfing on each type of object produced results from at least two types of services. 
Thus, the metadata from the surfed object was useful in finding resources not only 
in the same type of service (e.g., surf an activity to find other activities), but also 
in different types of services (e.g., surf an activity to find bookmarks and feeds). 
In this way, metonymic search also helped to reduce the Representation gap (the 
scatter of related resources across multiple services). 

As in the previous section, the statistical results demonstrate that the data are 
available to support tag-based metonymic search. The next question is whether 
users experienced it that way. 

Users’ views on what was, to them, the “surf in Malibu” operation, were 
mixed. Some users found the concept straightforward and obvious: 

Once you get the hang of the Ôsurf in MalibuÕ concept, it begs to be used, and more impor-
tantly, applied to more and different data sources, such as emails, [ IM]  chat transcripts, Goo-
gle desktop, etc.etc.etc. (business operations manager) 
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Put an item in focus [ÒsurfÕ] , surfing [ is]  supposed to be able to provide things that are re-
lated, based on the thing you are pivoting on (developer) 
Some users seemed less confident of the concept, or its utility; 
Trying to figure out exactly how it was supposed to work was a problem. The desire to be able 
to have that right-click context-sensitivity was useful. (senior consultant) 

And um the ability to see a filter Ð surfing in Malibu Ð that hasnÕt been Ð either I donÕt have 
enough in thereÉ  It doesnÕt seem to bring up anything of help yetÉ . I donÕt know where itÕs 
looking, maybe in the titleÉ  (sales executive) 

About a quarter of the users were confident enough of their understanding of 
the tag-based search mechanism to critique it or their own practices: 

Yeah thatÕs the pivot thing. I think it works really well, but you need the tagging stuff to support 
it. (communications manager) 

It only surfs by the tag associated with the activity. IÕm trying to be more diligent about tagging 
things. (business operations manager) 

Most disturbingly, some users considered surfing to return bad results: 
I could IM [ instant-message]  somebody, and then I could open another window in which it 
would show me other activities or maybe something else associated with that personÉ  [Surfing 
on objects]  sometimes the relevance of what came back with Ð was questionable. (chief engi-
neer, federal systems) 

With regard to our second Issue, Malibu has made some progress toward a 
functional tag-based metonymic search, but there is clearly room for improve-
ment. The statistical results from the log analysis demonstrated that Malibu is ca-
pable of retrieving resources via tag-based metonymic search. User remarks in 
interviews and in the online forum indicate that some people found the concept 
quite clear, and most users had at least an intuitive understanding that surfing 
would produce related resources. However, several users remain confused or 
“struggling” with the concept, and some users were not convinced that the re-
sources returned by the search were relevant to the surfed object. Other research 
(Muller, 2007) has showed that there is relatively low overlap of vocabularies 
from one service to another, so we will be investigating multiple normalization 
strategies (e.g., lower-case normalization, stemming, prefix-removal, lexical look-
ups) with the hopes of increasing the number and relevance of returned objects. 
We also hope to add machine-learning methods to automate and improve the ef-
fectiveness of the search in the near future. 

Issue 3: Recovering from Interruptions 

Our third Issue was to support recovery from interruptions. We provided two fea-
tures to address this problem, with two very different outcomes. First, we imple-
mented the tag-based search feature as stack of searches. Users could navigate 
through previous states of the stack (and the contents of views that were produced 
by those states) with a simple “back” operation. In session logs, we coded this fea-
ture as a type of “focus” event – counted similarly to a focus (or pivot) on an ob-
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ject. The “back” operation was the most frequently observed focus event (768 
events among 57 users, or 34%), with a focus on a person as the next most fre-
quent focus event (654 events, or 29%). Users had few comments about this fea-
ture, other than to note that it worked, apparently as expected. 

Our second feature for interruption recovery was to provide a peripheral dis-
play. We hoped that this feature would be allow users to preserving their work 
context outside of Malibu, as needed, because users could easily dismiss Malibu 
when it was not needed. We hoped that the gestural invocation (move the cursor 
to the edge of the screen) would help users differentiate between Malibu and con-
ventional applications (typically invoked with a click or a command).  

The log data show a very large number of event sequences in which the Malibu 
window slid out and then back in with no Malibu operations occurring between 
those two events. These data suggest that users may have invoked Malibu by ac-
cident, and then either dismissed it or waited for it to time-out and slide back into 
the screen border.  

User comments confirmed that this was sometimes a problem: 
The slide-out Ð at first I thought it was quite handy, but often out comes Malibu, and you start 
getting irritatedÉ  (procurement program manager) 

You know the window, you can hide the window, but if you move your mouse cursor over a cer-
tain part of the screen, then the window appears ago [sic] . My intention was not to re-open the 
Malibu window, and so I stop now to use it. (information architect, whose first language was 
not English) 

However, some users considered the slide-out/slide-in behavior to be an useful: 
[ it]  runs in the background. I have it to be hiding, and then I bring up to kind of look at my 
bookmarks (business process developer, whose first language was not English). 

It uses a bit of your brain that has peripheral vision, itÕs not the kind of thing that other [appli-
cations]  on your desktop use very well. I can look at Malibu without having to open my fee-
dreader. I need to stay aware of new things, because IÕm in CommunicationsÉ  For me, picking 
up my feed when IÕm popping into other stuffÉ  When it broke, I was guttedÉ . I love the 
slideinessÉ  (communications manager) 

One user engaged in lengthy remote access to other machines. The “slide-in” 
feature of the client – a thin four-pixel bar at the side of the screen – persisted dur-
ing the remote access, allowing the user to continue to use Malibu-accessed re-
sources despite the fact that her/his current desktop view was of another machine. 
This user-based insight taught us that a peripheral display may provide two types 
of value: (a) allowing users to maintain/regain context in their own machines, and 
(b) allowing users to access their “home” (local) services while “remote desk-
topped into another machine,” one informant added.  

Earlier versions of Malibu included an option to run the client as a separate 
window. Some users remembered that feature, and asked us to restore it. Several 
of these users had dual monitors, and had developed practices that allowed them 
to treat one monitor as secondary, where they placed windows that functioned in a 
manner analogous to a peripheral display. 
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It appears that user reaction to our peripheral display feature was quite varied. 
For some users, it contributed to Malibu’s success. For other users, it became a 
reason to stop using Malibu. We will probably return to providing options for op-
eration as either a peripheral display or a stand-alone application. 

Related Work 
In addition to the large array of activity-related research we presented in the intro-
duction of this paper, researchers have studied the usefulness of side bars for pe-
ripheral awareness in Side Show (Cadiz et al., 2002). Side Show evolved into a 
side bar for Microsoft Vista. Other similar products are DesktopSidebar (Desk-
topSidebar, n.d.), and Google Sidebar (Google, n.d.). These products focus on 
providing a side bar user interface framework for controlling and managing views. 
They do not provide tag-based or other forms of aggregated search across differ-
ent data sources displayed.  

Watson (Watson, n.d.) is a side-bar-like product that features automated search 
based on the active application on the desktop. Watson is an implicit query system 
that is similar to our notion of metonymic search in that it extracts key words from 
an object (e.g., a Word document) in focus. However, the keywords are neither 
social tags nor metadata, and the system sends queries via traditional search en-
gines to find related information. Dashboard (Dashboard, n.d.) provides similar 
functionality. As the user reads email, browses the web, writes a document, or 
chats with friends, the system proactively finds objects that are relevant to the 
user’s current desktop activity, and displays them in a separate window. 
Henzinger (Henzinger et al., 2005) tries to automatically find news articles on the 
web relevant to the ongoing stream of TV broadcast news. Their approach is to 
extract queries from the ongoing stream of closed captions, issue the queries in 
real time to a news search engine on the web, and present the top results to the 
user. All these implicit query systems do not leverage social tags to perform 
search, but rather automate the process of generating a query from content and 
submitting it to a search engine.  

Social tags have become increasingly popular to organize and find information. 
Numerous systems on the Internet, -- e.g. Flickr (Cameron et al., 2006) or Deli-
cious (Golder and Huberman, 2006), use tags as a way of managing information. 
However, tags are used only inside those repositories to manage a single content 
type. We leverage tags to search across repositories, and our search approach is 
metonymic, i.e. we implicitly use metadata of an object (tags) of interest to find 
related resources across data sources. 



 196 

Conclusions and Next Steps  
The Malibu Board was intended to help knowledge workers engaged in complex 
and intermixed collaborative activities. We outlined two particularly vexing prob-
lems: the scatter of relevant resources among multiple services, and the difficulty 
of searching for information relevant to the current item-of-interest.  

We addressed the problem of scatter in our discussion of the representation 
gap. Malibu provides access to multiple stores of data and documents, and allows 
searching by using the attributes of other users, as well as of objects. Malibu thus 
provides a form of social navigation through complex information spaces, in the 
context of real-time social awareness via its IM environment. Statistical evidence 
from usage logs showed that Malibu often finds and displays resources from these 
multiple services, and users’ comments showed that in general the combined in-
formation, in a social-awareness context, makes sense and is of value to users. 
The next steps are to explore the feasibility, utility, and desirability of the many 
extensions that users proposed to us. We will also enhance our use of person 
metadata from recent advances in person-tagging (Farrell & Lau, 2006). 

We addressed the problem of search in complex, heterogeneous domains 
through a multi-service, tag-based re-implementation of the familiar “more like 
this” search user interface – we called this approach “metonymic search,” because 
the item-of-interest (person or object) is used as a referent (metonym) for the at-
tributes that are actually searched. This kind of pivoting from object to person and 
back again has become a strong feature in social software and social navigation: 
We hoped that our metonymic search could provide a more powerful basis for this 
emerging new socially-informed search paradigm. As we did with the representa-
tion gap analyses, we used two convergent types of evidence. We used statistical 
analysis of log data to show that our approach was technically feasible and func-
tional, and we consulted with users to explore the utility and meaningfulness of 
our solution. User reaction ran from uncertainty to enthusiasm, with one user stat-
ing that “the ‘surf in Malibu’ concept… begs to be used, and more importantly, 
applied to more and different data sources”; this statement was repeated in the of-
ficial internal evaluation of the experimental client.  

Most of our users evidenced at least an intuitive understanding of the concept 
of tag-based search. In a subsequent experiment, we have exposed the tags associ-
ated with a surfed object for user inspection and manipulation. Early results show 
that users take the opportunity, when appropriate, to refine their search by select-
ing a subset of the tags of the surfed object. We have not been able to compare the 
quality of search that results from user-modification of the tag-list. At this stage, 
all we know is that the feature called “surf in Malibu” (tag-based metonymic 
search) does indeed make sense, and that users understand it well enough to want 
to adjust its parameters while using it. 
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Malibu also addressed the problem of preserving the context when users switch 
activities or during interruptions through a “back” operation to return to previous 
Malibu states, and through a peripheral sidebar user interface (the “Malibu 
board”). Users’ reactions to this set of features were sharply divided. For the 
short-term, we are considering restoring the option to run Malibu as either a side-
bar or a separate application. Over the longer term, we hope to conduct a more 
ethnographic study to understand how people use Malibu in situ, and to under-
stand perhaps which settings or activities make sidebars more attractive to some 
users and stand-alone applications more attractive to others. 
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