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ABSTRACT

Managing personal information, already a challenging task has become even more difficult and complex today largely due to the burgeoning access to information and the increasingly distributed nature of that information. We report on an ethnographic study that investigated the practices and awareness of people toward personal information management. 
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INTRODUCTION

Many people are inundated with information today forcing them to sort, filter, read, answer, store and discard information they come in contact with during their daily routines. Using every tool, artefact, or technological innovation that appears useful, people are moving, shifting, enlarging, reducing, maximizing, minimizing, modifying, storing, and deleting the facts that comprise personal information. Individuals who are not trained to cope with large volumes of data or have ineffective organizational skills browse through vast quantities of information in the real world or cyber-world to locate items of interest or value. This is often a very time consuming and frustrating task. 

There must be a way to help people: (1) remember where information has been stored; (2) implicate the information's temporal importance; (3) discover or identify a tool’s affordances that may assist in the management process; (4) and manage information-related tasks. With the advent of the Internet and other distributed communication applications such as email, instant messaging services, and the World Wide Web (WWW), the amount of this distributed information (in addition to paper documents) has increased dramatically [5]. And, this information competes for people’s attention, motivating them to adjust their daily routines in order to deal with the overload or at least to minimize its impact. Now, people must be more creative and imaginative in using existing tools and toward discovering new methods that will improve this daily management task. Above all, people want to build strategies and use tools that process information in a timely, speedy and reliable manner that is natural to them in whatever particular situation they might be [1].

Any and every place may become suitable to store a small portion of this information in hopes that some mental or physical cue will remind the individual of what the contents of the information is and where it is located. Figure 1 illustrates the evolving complexity of just one portion of a physical personal information space. 
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Figure 1. A study participant’s personal information space.

This paper describes a qualitative study of 25 individuals focused on investigating their situational awareness and complex practices in coping with personal information management (PIM). Through this study, an understanding of information management activities is developed and a discussion of what motivates an individual to choose a management practice is proposed. We hope that by identifying the affordances people easily recognize they may be implemented when constructing software tools that support this everyday activity and that they work in a normal manner familiar to the user.

Essential to the development of PIM tools is the understanding of the user’s needs. In this initial study of PIM methods, we report on the personal practices used by people to organize their information space and their observations toward the process. We also profile 3 types of technology-interactive behaviour that were identified during the study and discuss what factors influence their management methods. Developing a PIM tool that will provide some level of functionality that minimally helps organize personal information is a relatively simple task. However, efforts to produce a richly structured tool often fall short of user expectations due to a lack of domain knowledge. The primary goal of this study was to better understand personal information management by identifying practices used by individuals and build generalizations from these observations that may be helpful in constructing software tools. Also, we provide a description of the information management process with a framework describing the movement of information through the personal information space.

A Definition

Key to establishing what the boundary conditions of this domain are is the definition of personal information. Other researchers have attempted to place a characterization by associating a particular basis to the information such as temporal affinity (order of receipt) or a subcategory of specificity such as email, post-it notes or to-do lists (e.g., [2] and [7]). We feel that these definitions do not adequately encompass all types of personal information that an individual may process or place within their information space. Thus, we propose the following definition:

Personal information is every bit of information that represents an actuality (a fact) within our locally constructed reality.

This definition strikes at the core of what information consists of and what it represents in terms what its absolute value is to an individual. No distinction is made as to whether the actuality is represented on paper, stored electronically, or tattooed on the person, only that the recognized fact has a basis to exist within the information space the individual has constructed and that the fact has some finite, limited value. 

STUDY OVERVIEW

To explore and learn more about how people store and retrieve all types of information, in-depth interviews with a variety of individuals from different backgrounds were conducted. We collected the data through a free form interview approach with an appropriate interviewer response to probe further into revealed items of interest or to maintain the session's focus. Diagrams and pictures were sketched to represent physical spaces or more ephemeral structures such as hard drives or file cabinet data structures (that can change form and content rapidly).

The research challenges for this study were to establish trends and patterns in tasks of artefact interaction that indicate people use similar processes to construct and manage their information space. The identification of these management patterns will help identify the design requirements for future PIM tools and reveal obstacles that may hinder the management activity. The primary goals of the interview process were to:

1. Identify unique organizational practices and strategies.

2. Identify practices that transfer between working locations.

3. Identify the types of information present.

4. Identify what artefacts are being generated.

5. Assess the motivation of the participant for improving their PIM skills or tools.

From the interviews and observation of the participant activities, we hoped to gain insight into the core strategies that people construct and modify locally to manage information and interact with tools that support these activities. Using ethnographic inquiry methods, the following activities were investigated:

· Cue development and usage

· Recognition of tool affordances 

· Construction of repository structures

· Information storage and retrieval

· Actions to adapt tools to the user's need

In-depth, in-situ interviews were conducted in what was considered the usual workplace, home environment or both. The participants were immersed in their personal information space with the study data consisting of session audio recordings and field notes and sketches taken during the interviews. As an understanding of the domain and its problems developed, areas of particular interest were focused upon to ensure that participant attitudes and practices were revisited in subsequent interviews. Each interview lasted approximately one hour and the participant was encouraged to share their experiences in a frank and open manner that was comfortable to them. Background information of each participant was obtained and questions were asked to determine what activities the study participant would undertake during a typical day of work and non-work behaviour. 

Detailed notes were also taken by the interviewer to augment the audiotapes and subsequent transcripts that were derived from them. Techniques described in Seidman [8] and Beyer [3] were used to conduct the questioning and analyse the qualitative data such that practices, activities and observationally apparent attitudes were identified. This allowed the consolidation of interview data revealing structure and the underlying information flow processes. This was an important step in identifying the participants’ similarities in building or constructing strategies useful in successful and sustained personal information management.

Selecting Participants

We sought a diversity of people representing a variety of cultures and backgrounds having a wide range of careers to participate in the study.  As the study was constructed to gain an understanding of organizational strategies in information management, 25 participants were selected from a pool of volunteers who indicated that information management activities were important to them. The study demographics were:

· 14 female, 11 male subjects

· Ages ranging from 21 to 65 years of age

· Diverse backgrounds and job descriptions including student, teacher, media specialist, research scientist, administrative assistant, office coordinator, department head, chiropractor, engineer, professor, manager

All of the participants in the study had a working knowledge of personal computers and were thus familiar with organizational strategies used in both a paper-based and an electronic storage media environment. 

OBSERVATIONS OF USER MOTIVATION

Three Profiles

In this section we describe three profiles that were evident from the participants’ comments during the interview process. These profiles reveal the propensity of certain human behaviour types toward the use of technology in managing information. These behavioural patterns began to take shape as discussions of activity-specific methods illustrated how information was moved between positions within the information space and what level of effort was needed to move the information to a new location.

Based upon the interview data gleaned from the study observations, three behaviours took form. The behaviours were:

· Luddite Larry – a person who is unable or unwilling to identify the affordances that may assist them in completing a complex task using technology; the learning curve is perceived as too steep or time consuming to successfully integrate the tool into their lifestyle or daily regimen.

· Pragmatic Polly – a person that uses technology on a daily basis to complete complex tasks and solicits recommendations about technology that may provide additional cognitive support to increase their efficiency and information throughput. 

· Gadgety Georgina – a person that actively seeks out and explores new technologies to integrate into an evolving lifestyle and usage catalogue. This individual exhibits a much higher level of persistence in making technology work for them though the tool's functionality may not be immediately recognizable through the user interface.

These profiles reveal that although the ultimate goal of managing the information within the personal space are the same, the attitudes toward using technology define the limit and extent to which computer-based tools may be viewed as useful. 

As noted in the “Luddite Larry” profile, to resolve a user interface problem or to understand the role of the technology in manipulating information exceeded the user’s acceptable level of difficulty. This attitude essentially renders the cognitive and memory supports that are provided by the computer-based application ineffective before it is fully examined. A study participant stated: “I don't like sitting down to a box that cannot communicate with me unless I first understand what I am looking for or expecting to find.” This comment is very enlightening in that this profile's expectations of human-computer interaction are very high yet perceived as unachievable. Approximately 15% of the study population were categorized as this profile type.

By far the largest group represented in the study was the “Pragmatic Polly” profile. Approximately 65% of the participants identified themselves as individuals who used technology wherever possible to minimize effort and increase their efficiency. The nature of the goal in the use of technology was simpler for this profile than of the other two. As conveyed by a study participant: “I just want the program to provide simple functionality, like read or write mail, and to let me save the information someplace where I can find it.” This implies that the affordances of the application must be recognized quickly and converted easily to natural actions to support the management task process. The process can then occur with minimal constraint and with accurate translation to the implicit PIM structures that are present in the environment [9].

The “Gadgety Georgina” profile engaged in a proactive exploration of the capabilities of an application to extend its usability. Having a knowledge base from which to draw, this profile could retrieve experiences of interaction and expectation to reformulate the goals of manipulating the tool to suit their needs. Persistence of use was a key attribute of this group. As a study participant indicated: “I often try many different programs to try solve a problem or find one that is easier than the others to use.” Approximately 20% of the study group fell within this classification.

Natural Input Modality

Most striking yet unsurprising was the definitive preference for the paper medium to work from. Participants were quite explicit in their predilection toward a more robust and malleable medium such as paper, (“I just grab a pencil and quickly jot down what I am thinking before some other task or interruption overtakes me.”) Notes, documents, to-do lists and other artefacts that could be constructed as paper-based recorded information actively display the affordances that people recognize quite easily and respond to quickly, (“I use handwritten notes for recent events of immediate importance.”) Those affordances, predictability, familiarity, and generalizability, promote the usability of these artefacts through simple recognition, ease of use and cognitive support that extends the interactions across information boundaries, respectively. In other words, the complexity of the data interactions and the extent to which they can be readily and comprehensibly modelled or described is immediate when using simple writing implements. Immediate feedback to the user was deemed very important by the participants in that reflections of their cognitive processes are visible and recognizable such that changes or modifications can be made easily.

Participants were adamant that using paper required less time to judge what to do with the artefact being generated (“I can do just about anything to a piece of paper including throw it away.”) And, careful examination reveals that the paper artefact can be essentially formed, placed or scribed anywhere within the information space as opposed to the computer-generated artefact that is restricted to position and limited in methods of manipulation. As one study participant complained: “Computers don't help me organize - I must organize it in order to use it and feel good about it.” This participant observation seems to indicate that computer artefacts are archival by nature and not thought of as tangible, evolving information.

Paper-based artefacts are tangible, providing richness in haptic feedback with familiarity and reliability in form as opposed to computer-based artefacts. A majority of the study participants did not understand or comprehend the structure or mechanism of modern computer hard drives,  (“I just don't have a feel for what I have placed on my system - I can't touch it, smell it or even shape it to fit my concept of it.”)

A common complaint during the study was that the uses of computer-based media were often only through highly structured, predefined sets of interaction rules. The user has little or no control over these rules of interaction and must conform to a conceptual model that may not translate well into their own information space. Additionally, people attempt to build metaphorical mappings to translate behaviours from paper-based interaction to computer-based tasks to attempt to understand the constraints placed on them by the limitations of the human-computer interface. For example, to construct a useful computer record, the user must format the information and supply supporting descriptive names or notations that are limited by the platform or application, (“If I don't make a very descriptive name for something I have stored on my system then I usually lose track of it.”) Although some similar processing may occur concerning the content in the paper modality, it is not usually limited by operational constraints of the paper on which it is written (e.g., limited choice of font size, type or style).

PIM Activity

The participants in the study spent a great deal of time working with their computer. Of the twenty-five participants in the study, 75% spent more than half of their working day interacting with a computer and of that time, managing personal information comprised the majority of the activity, (“I have to maintain my system if there is any hope of keeping track of what I have to get done or respond to.”) A previous study done by Bellotti and Smith suggested that people spend approximately 10% of their time managing information [2]. However, we believe that this assessment is greatly underestimated because of how personal information management was described. For example, the heavy use of email (a PIM activity) to arrange meetings and consolidate meeting-generated information (as discussed in the Bellotti paper) would tend to contradict their assessment.

The study also found that individuals tend to use organizational schemes that fit the platform where information management takes place. In the paper modality, approximately 70% of the participants indicated that their primary method of organization was geographical in nature, (“I place things geographically in my workspace to bring my attention to them.”) The other 30% of the study participants used primarily thematic methods to coalesce information, (“I organize thematically using labels on top to jog my memory of what that stack represents.”) Also noted during this study was that participants were highly skilled in building groups and piles of related information that were placed in the information space where a contextual point of interest was created. These observations support the research findings of Mander, Saloman and Wong [6]. The grouping would then be further organized at a sublevel using temporal, event-related or author-specific characterizations such that a more fine grain and recognizable categorization was created. One participant noted: “I create a hierarchy of my information with as many levels needed to separate degrees of importance or differences in type.” Of particular interest is that although these sublevels were created to help organize the space, the user did not remember what constructions had taken place only that further investigation would reveal the typology and depth of the hierarchical structure.

The preference for creating geographic anchors when organizing paper artefacts is in contrast to the customary method  (and perhaps the only) used in computer-generated artefacts that reside in electronic or magnetic storage devices. The primary method of organization in computer storage media was thematic, (“I label stuff on my computer by what it is not where it is. What map do I have that shows me the hard drive's topography? The Windows Explorer is an hierarchical listing not a map.”) This attitude was seen to be well represented across the study participant group and generally viewed (as described by the participants) to be largely due to the limited flexibility of how to specify specific storage locations and the difficulty in grouping disparate but related items using the present user interfaces of existing operating systems. 

Categorization, prioritising and localized movement of the information was identified as a primary task in the information management activity. Participants often expressed the frustration in attaching supporting materials or items that provide descriptive, supportive context or anchoring within their personal information space. This was particularly evident in building links that join disparate information items stored in computer-based media. Yet, study participants found that by building or constructing distinct information structures (e.g., hierarchies or thematic piles) allowed them to more readily visualize the information at a later time and to move more deliberately and with greater intent within the information space.  Study participants felt that this allowed them to better achieve his or her goals in personal information management. A study participant suggested that a sense of satisfaction and control is felt when information is ordered to support his or her activity of traversing the information space: “I think of all of the things in my life and how they are organized, then it pleases me and I have time to do other things. I feel good about my activities.” 

How artefacts are created was also an important aspect in the information management activity.  As previously observed and noted by other researchers, artefacts may take the form of notes, documents, publications, addresses, to-do lists, phone numbers, folders, appointments, email, web pages, facsimiles, pictures, and files. Yet the context associated with an artefact often is stored in personal memory, (“I look at the information and remember where it belongs - rarely do I write down or record every detail that pertains to its inception.”) From this participant comment comes the observation that cognitive loading is reduced only temporarily through the creation of an information space but the context of the information and its specifics must still be recalled if that meta-level information is not placed in some prominent location or space to serve as a reminder. A common complaint from the participants is the need to create other information to guide them to the information that is being sought,  (“I place notes in visible locations to remind me of activities needing attention.”) Making to-do lists, post-it notes and other index-type artefacts are activities that organize and provide awareness to information.

We also observed that these artefacts are labelled to represent different data types that are contained within the artefact and how a person may value that data. For example, people will create a photograph folder, using paper or computer, which is labelled “images” or “pictures” that provides awareness of the folder contents but does not provide a detailed description of each item in the folder. These artefacts were observed to be physically constrained by the participant’s environment. Study participants often noted that space was at a premium and placing an item or a note to an item required shifting something else or covering it up. Some locations were not suitable for use (e.g., the side of a computer monitor although the front was often cluttered) and discovering new locations was not a priority. New items were simply placed into the existing information storage structure.

Temporal Information Types

Nardi, Anderson, and Erickson described three temporal states that information may inhabit [7]. Those information states have been defined as: ephemeral (short-lived), working (current), and archived (saved for future reference). This typology provides a useful categorization of information but does not sufficiently describe what metamorphosis actually takes place to convert personal information into forms that can exist and have value in the local information environment constructed by the user. For example, one participant exclaimed: “I am always waiting for information to complete other information which then must be acted upon to finalize it!”

To complete the information typology given by Nardi and others, we propose that personal information and the temporal states it assumes may be conceptualised as follows:

1. Primitive - a state of initial recognition needing additional contextual information for placement into the reality space.

2. Formative - a state that implies awareness of the original content of the information permitting placement of the item into a contextual waiting state for further task analysis and processing.

3. Working - a state where contextual formation and data processing are occurring actively through a complex sequence of task interactions.

4. Transitory - a temporary state where contextually focused information may reside awaiting additional supporting information or contextual refinement.

5. Reposited - a state that the user creates to place valued information into a contextually important and visually active position within the information space.

6. Archived - a state where information is placed that has no foreseen contextual relevance or importance to the active information space.

Primitive information types can have no real value to the user, as the information has not been recognized nor contextually anchored. Only when the information enters the formative state and contextual information has been placed to support the cognition of the information does the item hold value to its recipient. Also, note that the primitive state is a temporary state that cannot be re-entered; applying contextual awareness to any information item renders it changed or transformed. Similarly, information held in a transitory state must return to a working state to assume full contextual value and proceed to a subsequent state of reposition or archival deposition. 

Why is this discussion of temporal information states important? People often organize memories and events using mental maps that are based upon temporal sequences [4]. However, when substantial mental loading occurs that prevents as fine a resolution needed by a person to remember these items, positional techniques are used to group items together under a single label minimizing this cognitive loading, (“I use the geography of my office to establish a data structure and then I memorize that map - not where every item is and in what pile.”) Data from this study supports this observation of a translational activity from a temporal anchor to one of position. This information processing activity has been noted in both paper and computer storage modalities and is operationally similar, (“If something is in my inbox whether email or on my desk, I know I have not completed it”.)

Positional Organization

As this study's goal was to understand the activities of personal information management, an effort was made to discover the positional states that information may occupy when people try to reduce their memory loading and simplify the construction of information groupings. This is especially important when considering the limited viewing area of a computer display and the elaborate, complex interaction taking place between data items and various productivity applications. As one participant commented: “ I keep 3 or 4 windows or applications open at a time - sometimes I simply minimize them to remind me of where I was and what I was doing.” This implies that there are multiple channels of “dialog” that occur between the user and the information space. Particularly important is the observability of the current item state(s) within the space and how to navigate to or through them.

Through study observation and participant comments it was found that there are five positional states in which information may reside, (“I keep stuff visible - out of sight, out of mind applies to me.”) Note that placement into the positional typology is not based upon a time reference. However, temporal typing can affect information placement into this finite state model. We propose the following positional states:

1. Potential fact (Pf) - a temporary state that holds information needing context to be placed into the information space (e.g., an inbox).

2. Contextually focused (Cf) - a state where information has captured the awareness of the observer.

3. Distant (D) - a state where information has been placed into a diminished position of awareness within the information space.

4. Retrograde (R) - a state where information has been placed in a visually active area such that its position serves as a reminder of it membership.

5. Disassociated (Da) - a state where information has been removed permanently from the information space (included for completeness). Note that a mental map or cue related to this information may still exist yet the physical item does not.

Figure 2 illustrates a contextual design flow model of the positional information state typology. As data moves between the states, people must develop organizational strategies that create mental mappings and contextual cues to describe the information transformations, (“Events or other outside forces will often cause me to change the location or label of a particular piece of information due to a change in priority or object valuation.”)

MANAGING THE INFORMATION SPACE

Analysis of the study data indicates that information management has become a more substantial part of our daily lives. Usage of computer tools to support PIM activities continues to diversify,
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Figure 2. A finite state diagram showing the possible positional states where personal information may exist.

but the creation of maps that provide a simple but visual representation of the traversal of the information space has not kept pace. 

What Others Have Done

Mander – Pile Metaphor

Freeman – Lifestreams (temporal model)

Plaisant – Lifelines (temporal model)

Robertson – Data Mountain (spatial model)

Rekimoto – Time Machine Computing (temporal, spatial models)

Mynatt – ethnographic approach to user activities

Bellotti - ethnographic approach to user activities

Robertson – 3D zooming approach (window management)

Bederson – Jazz zooming approach (artefact management)

Wolber – exposing document context

Other Observations

Users tend to deal with information in a more haphazard manner, as the computer-based storage media gets larger. These devices easily scale to quantity but do not support tasks of management, (“The piles simply get bigger and become clutter after I lose control and lots of different stuff ends up in the same pile or folder.”) So the decisions that the users must make require the following questions to be answered:

1. Must I act on the information immediately or in the future? 

2. Is the information of any sustaining value?

3. Where in my environment should I place this information to remind me of my responsibility to it?

4. Can I remember the information by creating small cues in the space or do I need more substantial contextual information to support my awareness?

5. What functionality does the technology provide that merits its use and the cost of learning the user interface?

We found that study participants had to make significant efforts to maintain daily information processes as well as large repositories and archives. When participants were asked to sketch a drawing of their computer storage space, some individuals mentally separated groupings of system files and personal files. As shown in Figure 3, links to the different groups were combined into the same area but the types of data had distinctly different locations. This would indicate that complex mental mappings are occurring and that the search activity is starting from the same point of origin on the user’s mental map. Design refinements could be made to reduce the map’s complexity by partitioning related information clusters and launching search and browsing functions from within their domains. 

As previously discussed, users need a scalable computer tool that provides immediate placement of the initial primitive information (or a user-defined representation) that can be acted upon to place context and focus such that movement through the information space to the working knowledge state and beyond may be rapid and accurate, (“I like folders to organize stuff but I have to open them to find out what is in them. Can't I have folders and a more expressive representation of the contents for its label and what may be associated with that folder? I can write on paper folders but how do I do that on a PC?”) This comment would imply that the folder metaphor as it is now implemented is inadequate for a highly descriptive representation of the data it holds. 

The folder metaphor of organization also indicates that some aspect of temporal importance or data usage should be easily recognizable by the user. Available display space would place limitations on the patterns used to visualize the information residing in the space but clutter could be managed through judicious use of time, priority or 


Figure 3. An interviewee’s sketch of the geographic layout of a computer hard drive and the user interface used to reach its elements.

complexity filtering, (“I want to see what I need to do right now, then I can look for or be shown items that needed additional work or thought.”)  To-do lists fill this requirement very well but are contextually sparse. Personal information systems should allow users to easily build lists that reveal priority and link related information automatically through more complete naming functions or contextual descriptions.

An interesting discovery of the study was that most users view email applications as perhaps the single most malleable and useful computer application available to help them organize their information space, echoing many of the findings of Bellotti and Smith [2]. One participant stated: “I never discard email. It provides me with a record of my life, where I have been and where I am going, and I know exactly where it is and how to search it to find a specific information item.”  Still, this computer application does not satisfy all of the user's needs. The distributed nature of activities today implicitly forces more communication for a person to stay aware of changes. This creates a problem of delayed response and lack of synchronicity. As one study participant said: “The tendency is to react instantly (when receiving an email) but this is not possible as email does not provide synchronicity and that creates a decision-making problem.” 

To increase the functionality of email to support to-do lists, simple improvements in the presentation of different types of data is necessary. As information proceeds through the different information states, characteristics of its metadata representation should change to reveal the transformation. As a study participant indicated: “I have sent an email to answer someone's inquiry but have to go look for the record of the answer and that does not include anything that I referenced in the email.”

People also use the spatial and visual qualities of their environment and of the information they are managing to indicate relationship, importance, and complexity. Tools for personal information management must be designed so that data can be found quickly with little effort and that changes may be easily accomplished. As an participant revealed, “If I have to sequentially search through a pile to find what I am looking for it has to be very important or one-of-a-kind otherwise I won't waste the time and will simply attempt to recreate the information regardless of how much time it takes.” This finding would indicate that people view searching as drudgery and wasted time, performed only when necessary.

The study also revealed that visualizing complete groupings, clusters or piles was important, (“I want to see all of the information associated with a specific topic or task; I don't have to see everything at one time as long as I have an index or list pointing to the different piles.”) Descriptive high-level representations of a pile may be constructed using supporting contextual and relationship information. Visible, contextually descriptive threads can be formed linking related data together. 

CONCLUSION

We have described a study consisting of interviews with 25 people and the observation and compilation of the practices and awareness of these individuals toward the management of information. These management practices were described including the observations and artefacts that are generated through organizational work. 

Observation showed that people develop methods in the real world that transform to the virtual world to complete everyday tasks. The techniques of temporal categorization and physical placement that position the information in a contextually mapped space are common to everyone. Furthermore, these practices transfer from the paper-based modality to the computer modality. The capabilities of computer-based tools, however, limit people from place to create a to-do list (as it is referred to often). However, a large volume of mail in the inbox would result in the clutter that is dreaded by users and lead to inefficient processes or task response and management. This view is supported by research work performed by Whittaker and Sidner [11].

Clearly, communication plays a vital role in people’s lives,  (“I keep everything that is important to me in my inbox. I love to go back and read letters from friends and family. It makes me feel good. If I move them somewhere like a folder, I tend not to go back and read them as much.”) Such comments would indicate that the inbox is a good constructing contextually rich visual representations of the information and its distributed data associations. 

People typically will use heuristic rather than rigorous algorithmic methods to construct an information space. Based upon our observations, people cannot use these simple techniques in the virtual world because the information management applications lack the capability and flexibility to allow casual construction and modification of the visual representation of the information stored on electronic media. Building tools that include contextual information and richly detailed visual mappings (that mimic a physical living space and persist in time) can provide benefits in orienting the user to the computer-based information space. 

Contextual information that anchors the information by providing relevance and priority should be visualized to indicate data associations, dynamically permitting rapid modification of the information space. A limitation of this study was that every artefact form was not identified. Future studies should collect data revealing the how artefacts constrain the overall system and how the system might evolve to eliminate or minimize the hindrances to successful information management.
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