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ABSTRACT

In this paper we present findings of a user observation study designed to explore patterns and design issues in the usage of software applications for information management, document authoring, and communication in the desktop environment. The study reveals that these three activities are closely interwoven while individual software applications are primarily focused on one type of activity. This disconnection among applications is in conflict with the requirements of complex tasks and the users need to include information into the communication channel. By explicating these issues, the study informs on the design guidelines to improve the desktop environment and enable the user to author, access and manage information, and communicate with users and services more effectively. 
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INTRODUCTION

Increased reliance on computer technology for business critical communication and operations has given rise to communication clients and document production suites that are used alongside each other within the personal computer (PC) environment and across mobile devices. 
E-mail has become an important means of communication, initially restricted to simple text messaging but soon expanded to provide support for task management and scheduling and content dissemination through inclusion of multi-media file attachments. More recently, Instant Messaging (IM) clients and services opened new opportunities for synchronized messaging, complementing the standard phone communication and expanding the PC to PC communication capabilities. They have been expanded to support transfer of data between PC environments through file downloads and collaborative tasks, through remote applications and desktop sharing.  
At the same time, the designers of authoring applications have recognized that, authoring of documents is part of the communication activities and thus provided features that enable the user to select the communication channel which will transport the document, such as e-mail, fax, or filing to the common network folder. 

It has also been recognized that the function of messages, such as those included in e-mail, has expanded. E-mail is often used for delivery of carefully designed contents, such as product brochures, event announcements, and similar which rely upon the layout and display quality to attract the recipient’s attention. Thus, some of the e-mail applications, such as Microsoft (MS) Outlook allow the use of more sophisticated message authoring environment, such as MS Word. 

However, these attempts enhance individual applications with features that bridge communication, authoring, and information management activities, the studies have shown that users of the desktop communication and production tools continue to experience problems. This study is aimed at gaining a better understanding of the users’ interactions with these different types of applications and identifying further opportunities for design improvements.  
Related work

Communication is a critical part of most activities in the business environment and it needs to be reliable, fast, and presentable. From previous studies, we can understand the way in which email [6, 11]] and IM [6] support novel and subtle behaviors.  As Ducheneaut and Bellotti point out in [6], email has become more like a habitat for a range of activities, beyond simple message exchange. 
While transcending its primary communication role to support information management and personal archiving, scheduling, task management, project coordination, and collaboration, email management challenged the design of initial email clients, requiring better user support for dealing with the email overload [14]. This has prompted research and designs focused on several main functions of email, such as task and project management, and difficulties that users face [8, 11, 14]. 
Bellotti et alt. [1] implemented the Taskmaster, an e-mail system designed for tight integration of e-mail, task, and project management through introduction of thrasks - threaded task-centered collection of items and a rich metadata for task centric aggregation of all task related content.
Boardman and Sasse [2] underscore the importance of looking at the wider spectrum of user activities to understand the benefits of alternative design strategies. They contrast the Taskmaster approach of embedding support for multiple types of information within an existing tool with the approach taken in [8] and [10]. There the design involves a consolidated interface that unifies interaction with multiple types of information from across the tools. In the Stuff I’ve Seen system [8] that is accomplished through the unified search interface. In UMEA (user-Monitoring Environment for Activities) [10] the system provides a project centered overview of the information space. This is aided by a low-overhead support for integrating project information and continuous monitoring of users interaction with applications and data.  

Isaacs et alt. [8] describe the characteristics of Instant Messaging in the work environment, emphasizing the evolution in the quality of IM interaction, from simple, single-purpose interaction, scheduling and coordination to more complex conversations. Czerwinski et alt. [3] look at the implications of IM for interruptions in the task management. In the dairy study Czerwinski et alt. [4] analyze the requirements for the tools to aid with the recovery from interruptions in the environments that require multi-tasking and context switching, describe the design of the GroupBar tool [13].  

Our study builds on and complements this research by providing new insights in the complexity and interconnections of information workers activities. It expands the scope by applying a comprehensive hybrid method for user observation to study content authoring, communication, and information management processes. Authoring an email message, for example, is essential for communication while email communication itself is often instrumental in facilitating collaborative authoring or dissemination of the authored content. 
As the nature of communication, authoring, information management and other activities evolves, the supporting applications and tools are being extended on the basis of recognized changes in the user’s behavior. However, the breakdowns still occur. It is our objective to explicate the patterns and workaround in the people’s use of these tools and identify strategies for satisfying the underlying requirements. 
USER STUDY DESIGN
The study involves observation of the office workers in using desktop productivity applications, including Instant Messenger, MS Internet browser, spreadsheet applications, document authoring applications, such as MS Word and MS PowerPoint, and e-mail clients, such has MS Outlook and online email accounts, as part of their work-place communication and information processes. We spent eight days at a leading international public relations firm and recruited eight participants for the study. The study is comprehensive and covers other forms of communication, such as conversations, phone calls, meetings, and SMS. However, for the sake of conciseness and focus, we discuss the findings about processes accomplished through the desktop applications and elaborate on the wider context when the discussion requires. In the following sections we describe in detail the methodology, the study environment, and some of the implementation aspects. 
Method

We applied a hybrid observation method [9, 12] which integrates several techniques: continuous logging of the user’s interaction with desktop applications, on-site observation with intermittent video taping of individual or a group of participants, and video taped interviews with individual participants. 

Logger

All the participants in the study are users of the Microsoft Windows desktop environment, using applications compatible with the Windows operating system. We implemented logging software that captures events from the user’s interaction with the Windows computing environment. Depending on the application and the confidentiality restrictions we recorded events at different levels of detail for different applications. We identified usage triggers of all applications but in some instances could not reliably determine their identity in the logs. However, the users were primarily using the Microsoft production tools and communication applications whose usage we tracked reliably. Furthermore, we obtained more information about the applications used in the work place from the interviews with the participants.
In addition to the application event logging, we also created screenshots of the desktop displays every 5 minutes. The resolution of the images was set to law in order to comply with our confidentiality agreement with the participants. Synchronized with the rest of the data, this visual aid has proven invaluable for viewing and analyzing the logs.
Collection and analysis of the users logs

Logs from the participants were copied from the individual computers and stored on the centralized repository from where they were analyzed in advance of the on-site interviews and video monitoring of individual participants. In this manner, on-site observations and discussions with the participants could clarify possible ambiguities about the user’s activities and objectives as observed in the logs. However, while the two methods complement well each other and can take advantage of each other findings during the study, we intentionally controlled the influence one can have on the other and made sure that each of them delivers maximum benefit from its own approach. 
The analysis of the user logs is facilitated by the research tool that we implemented to enable synchronized viewing of the [image: image3.jpg]B V1078 075235 562 Herbsor £ 20320 Actvale MG Todky
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desktop screenshots and the events associated with individual applications (see Figure 1). 
On-site observations 

We carried two types of observations: 

· Overall observations to understand the way they work, what they are trying to achieve and how they work together.
· Intermittent observation of users added substance to the observations of participants’ interaction with the applications. Participants were prompted to explain what activity they were working on, why they transited between applications, and problems they encountered.

On-site observation was informed by application logs and clarified some of the ambiguities but was by no means limited to the log findings and their verifications. By logging we capture a detailed and continuous record of the user’s interaction with the computing environment. This can be easily analyzed to identify both an event that took place at a particular point in time and trends across a period of time or a group of participants. On-site observations, aided with video recordings, provided qualitative data about the participants’ activities and the context in which they took place. 

Video recording was greatly facilitated by the fact that the participants worked in the open plan environment. The user study expert who conducted the observations was provided with a desk in the proximity of the participants. That enabled her to observe the activities continuously and approach an individual or a group when she judged important for the study. She used the portable digital video camera which enabled her to record unobtrusively and minimize the impact on the participants. The tapes were reviewed and dialogues transcribed for use in the final analysis, in conjunction with the other collected data.   
Interviews with the participants

We carried out and video taped initial interviews with all eight participants, lasting between 30 and 45 minutes, followed by eight days of observation and videotape sessions, ending in a final video taped interview. 
The objective of the initial interview was to learn and record information about the individual participant’s role in the organization, tasks and work routines, usage of technology in the work place and at home, and any other information the participants wanted to elaborate on.  
The final interview consisted of questions relating to the observed behavior and informal conversations we had with participants over the eight day period. During the study we added one additional participant with whom we held a single video taped interview with no further observation or video taping. Other participants recommended that we interview her because she has always been vocal about the problems she experiences with desktop applications and impact on the performance of her work. Her contributions added further insight into multi-tasking issues and use of desktop applications. 
Study implementation

The study was implemented by a team of four researchers: two fieldworkers who lead the design of the study and carried out on-site observation and interviews, a software developer who engineered the logging software and the log analysis tool, and a researcher who performed quantitative analyses of user logs. The team worked closely together on transcribing video tapes and user logs, identifying important aspects of the users’ activities from the collected data, and working on the design guidelines. Detailed findings of the study are presented in the following session. Here we comment on several practical aspects of the study that provide context for the study findings and are useful for planning future studies. 

Logging issues

Instrumenting a computing environment with a logging utility is a complex and sensitive task since the capture and recording of software application events may interfere with the applications itself or may affect the whole computing environment, depending on its hardware and software configuration. In this study we dealt with non-uniform desktop environments across participants and some of them experienced interference of the logger with the applications.   

At the beginning of the study, the company’s IT department installed logging software on to the computers of the eight original participants. During the study, three of the participants requested that we remove the logging software before the completion of the study because they were experiencing problems with e-mail. They were unable to open e-mails or the e-mail application, MS Outlook, closed down and restarted itself when they tried to open an e-mail. Five participants kept the logging software for the duration of the study. 
Limitations of in situ observations

Another challenge for the study was the number of days participants spent out of the office. While we selected the time for the study when most of the participants planned to be in the office, a number of them had to change their plans. One participants booked holiday for several days and therefore observation time was limited. Another participant was on holiday for two days and ill for a further two. The third participants spent some time working from home. Others were coming to the office regularly. Their roles sometime required work on the client’s site during which time we could not carry further observation.

These are the limitations of in situ observations. It would have been possible to extend the logging of computer usage in homes but working at home and from home is not a common practice for the participating organization and therefore was not planned for this study.  Similarly, on-site observation in the participants’ homes was beyond the scope of this study.

Study environment

The participating organization is a leading international public relations firm. We chose participants from the technology practice of their United Kingdom office. The office area is open plan with 29 employees. They are organized into client focused teams and these teams overlap in the sense that some members of one team may also be members of another, focused on a different client. 
The selected eight participants are referred to by made-up names: Beth, Don, Ellen, Karl, Hugh, Sharon, Mick and Rob. The additional participant, who was only interviewed, is called Dina. An attempt has been made to co-locate teams within the open plan set up. The study participants have been chosen from a group that sits in the same area, with desks put together to form an elongated seating area. Thus they are sitting next or across each other, separated only by the personal computers they use (Figure 2 sketches the layout of the sitting arrangement). A brief profile of the group and each participant is provided in the following sections.
Type of work

The participants are responsible for preparing press releases, briefing clients before media interviews and preparing information packs for other agencies dealing with their clients. More senior members have the additional responsibility of developing new business for the company.   Participants have regional responsibilities such as preparing information to advise and inform agencies in Europe, the Middle East, and Africa, or providing a national service for the UK. Those who provide international services deal with the more important press, such as the FT and Wall Street Journal, and adopt a more strategic role in informing the national agencies. The UK focused participants deal with local journalists in the UK. 
The nature of the business requires that they make efforts to stay informed of any media mentioning or affecting their clients and responding as needed to new information and developments as they occur. They must therefore keep up with news as it happens. One person is responsible for producing an hourly briefing of the news; the most important and time-consuming is the first one in the morning, which they try to get out before 10am. Beth oversees this task. 
Other participants may look directly at the news feeds, e.g. Don. He says it’s in case the more junior staff miss anything. They employ several RSS news services to help them stay on top of things. These agencies require the use of keywords for their news feeds. The main service is NewsNow which comes to them via email. They also use various subscription services like Media Disk and Factiva to access information about local agencies. They are also required to read the daily newspapers and other print media where their client or their client’s products might be mentioned. They also check a few alternative news sites, such as the Recorder where news sometimes breaks first. It is not an overestimate to say they constantly check their mail for news, information requests from agencies, media contacts and clients.  
Study participants

When selecting participants we aimed at covering different levels of seniority in the organization and, at the same time, preserving the coherence of the group that typically works together so that we can observe the patterns in communication, authoring, and information management as they unfold in their collaboration on tasks. Here is a brief description of each participant. In the following sections we shall elaborate on their observed role and provide illustrations of their interaction with other members of the group. 
1. Beth, Senior Account Executive. Age 28.
2. Don, Account Director. Age 30. 5 years with the company. Focused on new business developments and serving some of the existing clients

3. Ellen, Account Manager. Age 26. Manages 6 people across different teams. 

4. Karl, Account Manager. Age 31. 4 years with the company.

5. Hugh, Senior Account Executive. Age 28. 2 years with the company.

6. Sharon, Managing Director. Age 41.13.5 years with the company. 

7. Mick, Associate Director. Age 32. 5 years with the company. Directly manages 9-10 people.

8. Rob, Account Manager. Age 26.

We also interviewed 
9. Dina, Account Director. 8.5 years with the company. Manages employees, writes their annual reviews, and follows their professional growth. 
Ellen, Karl, and Rob are considered junior in comparison with Sharon, Mick, Hugh, Beth, Don, and Dina.  

Observed work tasks and interaction within the group

Beth. Like other participants, she spends most of her time replying to requests for information. She spends lots of time handling multiple tasks and collaborating closely with her colleagues, requesting their feedback.  On one occasion, she was writing an email about an upcoming tutorial when she received a phone call.  She minimized the window containing that e-mail and started looking through her inbox for a mail with the information requested by the caller.  She found it, completed her call, and went back to writing her e-mail.  Later she called Hugh over to ask if the tone of her e-mail was appropriate, concerned that it may be too aggressive.  She was sending an e-mail as a follow up to a telephone conversation. 
On another occasion she worked with Rob on a document, by going over to his desk and sitting with him while it was being produced.  She has done this with two other employees over the week. Her advice has to do with content and to a lesser extent with the applications or their usage.

Don. He seems to have more control over how he manages his time and tends to be less reactive and more proactive in his approach.  He checks his e-mail often, but he rarely switches back and forth between applications the way some of the other participants do.  He does not like to use IM and only logs on to see if someone he needs to contact is available online.  This way he feels he gets more work done. He was not observed to search online for work related news.  He visits the BBC news site during his lunch break, at a leisurely pace and not goal directed.

On one occasion he sat with Ellen at her desk to help her work on a document. They worked steadily with few interruptions. The document was already near completion but she wanted his input on a few points before it went to the client. 

Ellen. She spends a lot of time authoring Word documents.  She is a careful writer and regularly prints the document to read and edit after working on a draft.  She gives it to other colleagues in the office to read after she has gone through it herself. On two occasions she was also observed editing documents that were given to her by other colleagues to read and provide feedback. She uses e-mail, the Web, and the company generated documents and e-mails that stored on the network drive to find information. She uses IM a lot both for personal and business related communication. She sits facing directly across from Don and confers with him when she needs information.  On one occasion he came around to her desk and they worked on a document together. 
Ellen rarely leaves her desk to confer with people beyond the range of her voice. But she is very social and often talks to people near her desk and regularly keeps conversations going with IM, e-mail, and phone calls.  She is in constant communication while she writes and seems comfortable moving between activities. 

Karl. He is observed multi-tasking that involves communication, information gathering, and authoring. He spent part of a morning putting together notes for the upcoming client briefing using e-mails, news sources and press releases.  He calls a client to brief him for an upcoming interview with a journalist. He listens during the interview and then speaks to his client after the interview.  During the interview he types notes on his long task list to have a reference for the formal follow-up by e-mail with his client. During this call he is moving between Word, IM, the schedule in Outlook, and writing an e-mail.

Karl is careful with recording his tasks and notes. For that he created a Word document ‘task’ list to take notes and keep himself on track.  He may transfer notes to an e-mail or another document but he uses his task list as his anchor throughout the day.  His ‘task’ document is 18 pages long  and covers the period from February 2004 until October 2004.  This list can get up to 30 pages long. He sometimes deletes tasks and notes or cut and paste into a smaller list when he travels.  He keeps this list in a folder on his personal network drive.  

Hugh. He was out on holiday for a few days during the study, and then absent for two days with flu.  He spends majority of his time gathering information from the Web, e-mails, network folders, and various media sources for other agencies in Europe.  He often needs to find files quickly to react to unexpected events.  He has many applications open at one time and usually deals with multiple e-mails.  He is constantly multitasking and has to adjust his day to accommodate the needs of his clients and colleagues.  On one occasion he is observed searching e-mail to get information needed for a document he is writing.  While dealing with that request, he gets another which makes him pause and minimize the mail he is writing so that he can respond to the latest request from a colleague. Just as he finishes answering his colleague, he gets another mail marked urgent in his in-box. 
Hugh is constantly switching from one application to another and printing his documents for review and further editing.  He spends a lot of time reformatting information that he puts into his documents from other sources.  He does not search through all the news alerts but he does have to work with some of them to stay on top of his client’s business. 
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Sharon. Sharon was out of the office during most of the study and therefore opportunities to observe her were limited.  She is the only person in this office space with a ‘private’ office.  The door and front facing wall are made of glass, so she is nearly always in full view, but she can close the door.  Her door remained open all the time, as we could observe. Her day is full of interruptions from the staff.  They come to her office to run ideas by her or talk about clients’ requests.  

Sharon uses the telephone to communicate with her team in the open office area and her phone rings often.  She stops, handles her calls and in most cases, returns to her previous activity.  Few calls required her to change course. She has not been observed using the IM for communication.

Mick. He was away from the office during part of the study.  He also works from home when he has a lot of writing to do and needs to concentrate. Mick keeps his desk very clear.  He has a photo of his girlfriend, two PDA cradles for syncing with his PC and the docking station for his laptop.  There is very little paper except his black book of tasks, notes and meeting times - his ‘everything book’. 

He is constantly on the phone with clients and potential clients.  At one point he came off the phone to announce they had just won the bid for work with a new client.  The team shared in the victory. His Outlook is open all day, but he was not observed switching much between tasks. He seems to have more control over how he organizes his work, possibly because of his senior status.  

Rob. During most observations he sat and worked steadily on a Word document from handwritten notes.  He seems to like working work on a single document until it is complete.  He keeps lots of paper scattered around his desk which he consults when he is working on a document on the computer.  He prints often so he can review the document in hard copy. He does not like to jump around to different tasks unless he has to.

Rob was observed staffing a call between a journalist and a client.  He briefed the client, called the journalist and then sat silently in on the call during the interview.  He typed notes during the call to debrief the client later, calls the client to discuss how he thinks the interview went, and follows up with the e-mail composed based on his notes.

Study Findings on application usage
From the on-site observation we arrive at the outline of the general workflow that presents a framework for participants’ activities. It includes overlapping and interdependent stages in information management, authoring, and communication, as mapped out in Figure 2. 
A task begins with a trigger, i.e., an event or action that prompts a number of activities. This is usually a request from a colleague or a client, or a reminder, managed personally. The participants will then try to locate information, which once found, would be used for authoring or communicating. They may start writing a document, send an e-mail or an instant message, or make a phone call. For both finding information and authoring, they may collaborate by exchanging email, sitting next to one another, or seeking advice from the person next to them. 
Controlling and dealing with interruptions while completing tasks that require concentration and focus, is one of the main challenges of their profession. They use various methods to keep track of multiple and changing tasks and responsibilities while controlling and readjusting their workflow. However, a request from a client, media bodies or other agencies will disrupt their best laid plans and turn a productive proactive day into a reactionary flurry of activity, affecting not just individuals, but entire teams. 


[image: image1]
This has a knock on effect since teams overlap. Activity on one team affects that member’s ability to participate fully or perform tasks for another team to which they are staffed. In such an environment it is important that the technology they use optimally supports their activities. 
Similarly to research in [6, 11, 12] we observe a wide spectrum of roles that e-mail environment is used for:
· Task coordination, such as distribution of client requests, coordination of the collaborative editing, and similar activities

· Information infusion through pre-set RSS news feeds which are fed through the e-mail system 

· Communication with clients and transport mechanism for delivering relevant content, such as briefing documents, reports, and presentations

· Maintaining awareness about events in the organization through monitoring e-mail exchange

· Repository of project specifications and client requests

· Infusion of unsolicited offers, considered a spam. 

While the problems around management of e-mail and designs for supporting scheduling and task management have been addressed in previous studies, the issues around creating an e-mail message as the means of communication and the transport mechanism for disseminating documents, have not been studied in detail. We thus elaborate on these aspects.  
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In this very busy office the participants are called on to performing multiple tasks through the use of multiple applications. Outlook is the most used application and is open all day since information and requests for information are the livelihood of their organization. They must be prepared to react to e-mail requests immediately and thus  
[image: image2] they must always be aware of incoming mail and be prepared to drop what they are doing to respond promptly. The best way to convey this is through the examples from the observations.  
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For instance, throughout her workday, Beth spends most of her time replying to requests for information.  On one occasion she was observed writing an email about an upcoming tutorial when she received a phone call.  She minimized that e-mail and started looking through her in-box for a mail with the information requested by the caller.  She manually went through the inbox until she found the mail.  She said it was quicker to browse since she remembered when it came in and where it might be. She found it, completed her call, and went back to writing her e-mail.  

Participants are frequently switching between applications and moving information among them. This is evident from the aggregate statistics for each participant presented in Figures 3 and 4 and further illustrated by detailed timelines of application usage for Beth in Figure 5. 

They are also frequently switching between tasks as priorities change. Throughout this entire process, the way the applications appear on the desktop affects the efficiency of task management, information flow and usage. For example, the Task bar in the Windows does not always provides sufficient clues about the windows that are in use and the participants often activate the wrong window. This problem has been addressed, for example, in the work on the GroupBar design by Smith et alt. [11]. 
Cross-application authoring and problems with formatting
They use Word, Outlook, Excel, IE and PowerPoint together to organize press releases, interview briefings and information packs for clients and other PR agencies. They experienced many problems with formatting documents from application to application. They regularly compose in Word and then export to Outlook to find that fonts have changed, bullet points have moved, and spacing is irregular. In many cases fonts change randomly from application to application. This problem is replicated with PowerPoint and when copying content from web pages accessed through the Internet Explorer. In most cases it is not the individual application but rather the inability to use them in concert that creates frustration and inefficiency.  

[image: image9.bmp][image: image10.bmp]According to Ellen, “It’s really frustrating formatting from emails to Word and vice versa since some clients prefer the information in the body of the email rather than as part of an attachment.”   Karl said “Word is the application I use the most, other than Outlook. I compose in Word and transfer the content to Outlook in the body of the email 90% of the time.”  
[image: image11.bmp]This preference for text in the body of an email rather than attachments is a growing trend partly to save time required to read the content and to avoid problems that result from blocking the attachments by the security features included in some of the anti-virus software. It happens that sent attachments never reach the client because they are removed to protect against viruses.  The trend is particularly troublesome since Outlook seems to lack the formatting sophistication of Word and often does not support the same fonts. This again demonstrates the same phenomenon where the application designed primarily for communication has been extended to accommodate authoring requirements.  
One example is the use of tables. Karl likes to use tables, which he creates and populates in Word and exports to Outlook. Once in Outlook he finds he cannot make changes and he has to go back to Word to edit and then import into Outlook again. In another example, Ellen was observed spending a considerable amount of time trying to perform what she felt should have been a simple, straightforward operation.  She was trying to insert a chart from an internet based document into a Word document and had to manually adjust the font size and color. This took a considerable amount of time to do properly.  Furthermore, since visual presentation is important, they often compose the content in Word, paste it into Outlook, and first send it to themselves to check formatting before sending it to the intended recipient.

[image: image12.bmp]Junior members of the team are responsible for gathering information from RSS feeds and online resources and putting together briefing documents for clients and other team members. Hugh says, “I usually have three or four applications open at the same time when assembling information for presentations.” Thus, having a good support for aggregating content from documents of different types is crucial for him.  It is not surprising that the senior employees voiced the same concerns and complaints since they are also responsible for integrating and sharing information. Mick said his biggest problem was “sharing information between Microsoft applications. Word, Outlook, PowerPoint and Excel seem to be difficult to use together without formatting going out of whack.”  

Information gathering and management 
Storing and retrieving information

Some members of the team seem to be more responsible for filing information, such as Beth. As soon as she receives an email from someone new, she sets up new folders for information she receives. Other people often ask her where a piece of information is located. Filing will often complete that particular task, but during this process there will be other tasks running along side this one.  These competing tasks require multiple forms of communication and multiple applications. 
They use the folder system in Outlook to store many of their messages but they also file e-mails on the shared network \G: drive. This is especially true of emails that need to be available to other team members. Different people file things differently and this creates the need for effective search methods. Storing URLs poses particular problems since they are not file objects and cannot be manipulated as such. Similar situation is with images. It is difficult to store them with appropriate context. Mick, for example, puts images into a PowerPoint file to store them. URLs, on the other hand, are often recovered from emails.
They desire to have the same flexibility in searching emails they put on the network drive as they have in Outlook. Standard Outlook search for a sender or recipient name are important options. Keyword searches are still useful, but less accurate with e-mail. The participants often ‘lose’ documents and emails and spend a lot of time looking for in Outlook folders and on their personal and shared network drives. The required information is often embedded or attached to received and sent email which is stored in Outlook files and network folders. Sometime they store attachment and discard messages to save storage space. The ability to search and find these documents quickly is an important part of the process. If the email or attached document is saved outside the Outlook they loose their context, and, for example, it then becomes impossible to look for it by its sender. When referring to the network drive searches, Don said, “It is not as easy to search on the H (personal network) drive as it is in Outlook.  Explorer does not recognize names, just files in keywords.  No option to search by asking 'Who did you get it from or who sent it to you'.”
Communication and records
These workers rely on information and communication to deliver value to their clients. Email is their primary communication tool, followed by the telephone, face-to-face, and Instant Messenger. Each communication tool has its benefits and drawbacks. In relation to the external client communication, the use of IM was most controversial. Thus we elaborate in more detail. 

They use IM to receive, send, and share information with clients and each other. The discussed benefits include: an opportunity for informal communication and bonding, increased user awareness through the user status, and in some instances reduced need for writing documents or email messages.  In other respects IM is suboptimal to, for example, phone conversations because it lacks conversational cues and the conversation threads can become unmanageable and hard to follow. The ephemeral nature of IM is perceived positive in instances when one would prefer to avoid accountability. On the other hand it is disadvantageous if the discussion includes information that is of relevance to the team and should be shared after the conversation took place. 
These issues were clearly articulated by Hugh: “It’s sometimes scary to use (IM) with a client because it is instant dialogue where you can’t hear tone of voice so you can be read many different ways. Info is communicated in brief sentences. Like text messages, there is no trail and the decision making process is down to a bare minimum”. Sharon remarked that “sometimes a team member will want to share part of a conversation with other team members. Now they cut and paste the information to share – not sure (in advance) if you would want other people to be a part of the whole conversation.”  She said this is usually because a client has given specific instructions or said something the entire team needs to be aware of and it is better relayed as a direct quote, copied into a document or email.

IM is obviously a tool with great potential as a leading office application and it is widely used in this office even though there are reservations about its informality and tendency to cause interruptions. It plays a special role in supporting clients in phone interviews with journalists. They use IM to communicate with their client during the phone interview.  They prompt the client and supply facts assembled earlier to help control the flow of the interview.  

On the other hand, interruptions that IM inevitably introduces require a strategy for managing the accessibility. Beth suggested that, “if you set the status to ‘busy’, maybe no messages should get through.  It should say ‘this message is sent and will be passed on when she is not busy’”.  Karl tries to use the “away” status with IM to avoid interruptions.  Many of his interruptions are from friends since, as he says, “everyone and their dog is on IM these days”.  Hugh also changes his status to “away” or “on the phone” when not being on-line is not an option.  He has one client who thinks he is not in the office if he is not signed in, so he feels compelled to always be on. 
Don finds IM too distracting and is never logged into it.  He uses it to see if someone he is trying to reach is around and on-line and then logs out again.  “It’s a sneaky way to see if someone is actually there or not.” Ellen, his colleague says that the client often comments that Don is not online. Rob, however, takes a completely different approach. He responds to IM immediately.  He says, “Communication wins over writing.”  
One of the critical aspects of IM is that the person should respond instantaneously. That is undesirable for the conversations on important issues where having to make instant decisions is not preferred. Rob does not like to use it with clients because he does not like to make decisions “off the cuff”.  He prefers to have time to think about his response and comes off IM when certain clients log in, to avoid communication on sensitive issues with IM and the pressure for immediate response. 
Design IMPLICATIONS
From the data we observe a variety of strategies in filing and finding information, aggregating content from various resources, bulletproofing the layout and presentation of the authored content, and using communication tools. The dominating experience is unpredictability and typical miss-match between the display characteristics of the communication tools and the content formats created in the authoring applications. While this could be addressed by ensuring the consistency among all the authoring activities in the desktop environment, it is equally plausible to take a different approach and require that content authoring is accomplished by a dedicated application which has the ability to transport the content via preferred communication channels, i.e., email, online blog, IM, shared drive, etc. However, this alone could not ensure that communication, authoring, and storage and retrieval are done effectively and seamlessly. For that we need to take more radical steps. 

For example, consider the user communicating via IM or email, referring to an event that is marked in the user’s calendar and including a URL of the Web page with details about the event.  The two representations of the event, in the form of the calendar reference and the Web page, are currently disconnected. Furthermore, while the Web page as a downloadable document file can be easily manipulated and moved across applications, the calendar reference cannot. In fact, whenever the user is interested in a subpart of a document or record, e.g., the address and contact details from the Web page, the only way the user can use that information is by embedding it into a new file, now disconnected from the original. Thus there is an acute need to rethink the process of extracting and aggregating objects into new organizational units, and creating storage and representations that effectively preserve some of their original properties and enforce new ones. 

The approaches that have been considered in [2], where complex users operations where supported by expanding the existing applications or providing a unifying interface, such as search, across applications, would only partially address the issues we observed. We propose to reexamine the premises that underlie the design of the current applications’ and re-think the fundamental concepts, from files and folders as containers of information to attributes on authored text, such as formatting of sentence, authorship, and similar. The current model breaks down with every new application introduced into the computing environment and with every new extended use of the application by the user. URLs, RSS channel, e-mail threads, etc., ought to be able to coexist in the same representation and storage and their constituent parts should be accessible in an application agnostic fashion for full flexibility. The current Clipboard mechanism used in Windows to support ‘copy and paste’ provides a very rudimentary step towards that objective.  Furthermore, to reach the optimal use of information in communication, it is imperative to define rich metadata that includes the history of authoring and interaction with the content and allow flexible manipulation of both, the content and the metadata itself. 
SUMMARY
We conducted a user observation study that reveals the complexity of the interconnection between the communication, authoring, and information management activities and the inadequacy of the current applications to support the users in such activities. The work complements past research by focusing on the authoring activities in the team environment where the communication is the key, and where the concepts of a ‘document’ and a ‘message’ are redefined through new scenarios and extended usage of standard applications.  We recommend refining the granularity level of the content representation to meet the requirements of the existing and new resource types and their use within the communication channels.  
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Figure 1. This screenshot of the LogViewer shows details of the log of one of the participants, including the thumbnail image of the desktop. We see that the participant was using Outlook at that point it time. 
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Figure 2. Workflow diagram





Figure 4. Total number of transitions between the types of activities, during the time of desktop application use, for each participant. B/S refers to browsing and search. Most common transitions are between authoring  and communication, and vice versa.
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Figure 3. Proportion of time spent by each participant on communication, authoring, search and browsing, and other activities, on average, relative to the time spent using desktop applications. Communication by e-mail and IM are dominant activities, followed by authoring.
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Figure 5. Timelines of application usage by Beth, for three distinct days, show that even for a single participant the pattern of application usage can vary significantly from day to day. The black regions correspond to switching between application windows, using a window for at most 5 seconds. 
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