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Individuals who deal with large amounts of information must develop ways of managing it so that they can find and use it later. The act of storing and organizing information so that it may later be retrieved from the personal information store is known as personal information management, or PIM. The methods and tools for doing PIM may be of a user’s own devising, or they may be standard tools such as email clients, operating systems, or paper calendars and organizers. These tools and methods are referred to in the literature as PIMs. To differentiate them from the act of PIM, I will refer to these here as PIM systems. A defining characteristic of PIM is that is usually done by one person; that person is typically the resulting system’s sole user QUOTE "2" 
2
.
As the volume of information in the world continues to expand QUOTE "27" 
27
, the problem of information overload keeps growing. As this problem looms larger, the importance of understanding users’ PIM practices and how to support them grows. 
Information from personal collections is more likely to be used than other information QUOTE "35" 
35
, but it can only be used if it can be found. This has always been an issue for those engaged in intense knowledge work. These workers have long created personalized PIM systems. In the 1960s, the majority of science and engineering faculty at one university maintained paper-based personal indexes. More established faculty members—those with the most accumulated information to manage—were most likely to maintain indexes QUOTE "22" 
22
. Many historians at universities in California and Arizona in 1988 maintained extensive card files of notes created in the process of preparing their works QUOTE "11" 
11
.  
In the early 1980s, the increased volume of information made available through the promise of technology began raising the specter of chronic information overload. PIM would become more important to researchers as they became overwhelmed by the large amount of references and literature encountered at earlier points in their careers than ever before. Technology was not only exacerbating an age-old problem, however. It could also power PIM solutions never before possible, enabling researchers to gather, organize, and synthesize information with great flexibility and speed QUOTE "9" 
9
.
How do people do PIM?

Early PIM studies examined the paper-based PIM systems used by researchers in their offices. Four main findings from this work continue to inform today’s PIM research. The first is that there are three levels of information within a PIM system. Action information in hot files is actively and frequently used for tasks at hand. Personal work files, or warm files, are used primarily for reference. Archived storage information in cold files is virtually off the radar and may be retained but rarely, if ever, consulted. The second finding is that users tend to represent their PIM systems in memory according to spatiality and other non-semantic contextual cues QUOTE "12" 
12
. The third finding is that PIM systems tend to be either neat or messy, manifesting in either files or piles. The fourth finding is that PIM systems support the twin functions of finding and reminding. Both piling and filing facilitate finding; however, only piles facilitate reminding. Piling is often a reaction to the difficult cognitive task of classifying documents into specific categories, and it affords interaction with information by the spatial and contextual cues mentioned above. This is in contrast with filing, which provides a more limited arrangement of information QUOTE "30" 
30
.
Later researchers examined document contextual cues more closely. For Case’s historians, physical storage space was the most influential element on document organization within the office, followed by form, topic, and either treatment, purpose, or quality QUOTE "11" 
11
. Kwasnik determined that a number of document aspects affect item naming and classification. Situation aspects of documents—access, circumstance, need, and use—must be taken into account along with document aspects such as form and topic QUOTE "24" 
24
. Current or intended use may be the most salient classificatory cognitive reference point QUOTE "25" 
25
. The context of an information need affects the recall of visual, spatial, and chronological document cues from memory QUOTE "26" 
26
.
As technology began to filter into the daily working life of knowledge workers, it brought new formats of information that accumulated with increasing speed. Researchers began to examine how people did PIM in a digital environment. The main findings from earlier PIM studies carry over into the digital realm. Most studies focus on a specific type of digital information. The bulk of this literature examines PIM for electronic files (digital documents), web pages, and email.
Context remains a key factor in doing PIM for electronic files, and the software application used to create a file is a new and important contextual cue QUOTE "3" 
3
. In the digital environment, users persist in arranging files to facilitate the reminding function of documents, though this function is not explicitly supported by the systems. Users also group documents according to three levels of information: ephemeral, working, and archived. Though digital systems provide new ways to search through and locate items, users tend not to take advantage of these capabilities. Instead, they rely on navigating to document location, much as they have always done with paper documents QUOTE "4" 
4
. 
PIM for web-based information has been referred to as “keeping found things found.” People have various ways of keeping web-based information for future access and reuse. These methods include emailing URLs to themselves and others, saving web pages to a local computer, printing the information, pasting URLs into a document or adding them to a web page for keeping, and bookmarking the site in a web browser QUOTE "23" 
23
. 
Individual ways of spatially and cognitively organizing bookmarks vary greatly.  File structures range from elaborately nested folder hierarchies, to basic groups placed in folders one level deep, to a single listing of all of the bookmarks. Bookmark placement and folder labeling decisions are based on the situation or task context of the individual user QUOTE "19" 
19
. Individuals also differ in when they do bookmark PIM. Some file and label each bookmark as it is made. Others do it at the end of each browsing session. Some do “spring cleaning” of their bookmarks on a semi-regular basis, while others let all of their bookmarks collect, undisturbed, in chronological order. A common complaint is that the bookmark organization tools provided by web browsers manage to be simultaneously simplistic, yet unwieldy to use. Support is needed for annotating bookmarks, keyword searching in bookmark titles and annotations, and placement of bookmarks into more than one folder at a time QUOTE "1" 
1
. 
Email has been called the “killer app” of the internet. Perhaps it is also becoming the default workhorse of PIM, since the email client is the application most likely to be open and used throughout a user’s work. As a central information habitat, the email client has been adapted for purposes for which it was not primarily designed, including task, contact, and document management QUOTE "14" 
14
. One way to enhance PIM would be to redesign email clients with better support for these PIM functions QUOTE "36" 
36
.
PIM systems for emails are similar to those for bookmarks in several ways. They are highly individualized. Classificatory structures are often based on situational cues, and later retrieval of emails depends heavily on the user’s memory of those cues QUOTE "29" 
29
. Likewise, email PIM schemes range from deep and nested, to shallow, to simple collection in the inbox QUOTE "28" 
28
. Again, users tend to file their emails either at receipt, at the end of an email session, during periodic “spring cleaning,” or not at all QUOTE "36" 
36
. Though searching is supported in most email clients, it is rarely used. Instead, most users rely heavily on sorting to find emails or to get a different overall view of the emails in the PIM system QUOTE "14" 
14
. 
Supporting PIM with better tools
For nearly as long as researchers have been examining how people organize personal information in the digital environment, PIM software and systems have been in development. Detailing each of these is beyond the scope of this paper, but there have been two main phases in PIM prototype development. 

Earlier PIM prototype systems focused on PIM for a specific information format through support of particular contextual cues or PIM behaviors isolated in previous studies. Apple worked on an interface that would support piling of electronic files in the digital workspace QUOTE "31" 
31
. The TimeStore Project proposed a way of visualizing email space chronologically QUOTE "38" 
38
. Multimedia files can be organized on a timeline using MyLifeBits QUOTE "18" 
18
. Finally, TaskView structures the organization of email around different tasks QUOTE "20" 
20
. 

More recently, researchers realized that one of the biggest barriers to PIM is the need to create redundant organizational schemes for information created in or managed through different applications. The overlap between these multiple hierarchies is often extensive, creating notable cognitive load and frustration for the user QUOTE "7, 8" 
7, 8
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. The subjective classification principle states that related information should be collocated in a system, regardless of format QUOTE "6" 
6
. PIM tools must support the efficient management of many information formats—email, instant messenger logs, URLs, digital files, multimedia, and others—through one interface or application. Recent prototypes have moved in that direction.
Lifestreams is a desktop metaphor alternative that arranges all information chronologically QUOTE "16" 
16
. Presto QUOTE "13" 
13
 and Stuff I’ve Seen (SIS) QUOTE "15" 
15
 offer flexible, agile methods of viewing and searching for information of all types based on a rich array of contextual cues. A very recent prototype overlays SIS with a timeline visualization based on personal landmarks (birthdays, deadlines, meetings, vacations) and public landmarks (news events, holidays) QUOTE "33" 
33
. One of the most ambitious current projects is Haystack, which aims to create a fully flexible and customizable PIM portal to all types of information a user may collect QUOTE "21" 
21
. Many of these prototypes are exciting, but it remains to be seen whether they will be developed into end-user quality products, or if their ideas will be applied in operating systems or other PIM tools. 
Future work in PIM

Tension exists between the need to support the current working habits and intuitions of users and the possibility that vastly different metaphors and interfaces may provide much more useful and powerful ways to do PIM. Tools currently in use in operating systems and applications have closely patterned their functionality after how people are known to work with paper. Since paper-based and digital information formats have different affordances QUOTE "34" 
34
, modeling digital PIM systems after paper PIM behavior may be a mistake. Perhaps users’ current ways of doing PIM are artifacts of the limited tools they use, and should be transcended instead of supported QUOTE "17" 
17
. 
It would be folly, however, for system designers to develop bleeding edge PIM metaphors, divorced from current ways of doing PIM, which may or may not prove useful QUOTE "26" 
26
. Further research into users’ basic PIM tasks is needed to create a knowledge base of user behavior and need upon which new systems may be built. This is as vital to progress as is radical invention QUOTE "37" 
37
. A system based on iterative user studies may be quite different from what its designers initially envisioned; however, it will be more successful and useful in the end QUOTE "5" 
5
.
From this, it is obvious that continued aggregation of information on PIM behaviors and tasks remains important. Anthropological methods of gathering this data remain valuable QUOTE "10, 32" 
10, 32
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, but we also need to examine why people do PIM in the ways that they do. What are the problems, bottlenecks, and frustrations of doing PIM? How do users describe the qualities of their ideal PIM system? Answers to these questions will help differentiate between PIM that works and PIM that suffices because people don’t have better ways to do it. Future PIM system development should support the former and address the latter.
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