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Thesis : Domains & Precedents

Introduction

File management systems are not providing us with the tools to effectively manage all our data, 

because they were not designed for users who need to organize the amount of files that many have today. This results in many users being overwhelmed with their computer's files, and unable to keep track of the ones that really matter to them. My project will to develop a new interface that makes it easier for frustrated computer users to manage their files. In order for this to happen my application must enable the user to: (1) find (and remember where to find) their files; and (2) organize and reorganize their files. Both of these two tasks must be as easy as possible for the user.


My research has explored different approaches to finding and organizing information. This covers information organization in general and specifically to file management. I have looked into three main areas of research: human-computer interaction, data visualization and file systems.

HCI - Human Computer Interaction

Sometimes computers can seem very foreign, like strange gifts thrown down from clever aliens. I sometimes find myself wondering “How could someone invent this?” -- but then I remember that they are extensions of ourselves. Designers, engineers and programmers -- all human -- have collaborated in making the computers that now influence almost every aspect of our lives. Everything about them, from hardware to software, eventually serves a human purpose. But ever since they were first booted up in office cubicles and home desktops, we have tried to figure out what to do with them. If they are extensions of us, then what effect do they have on our humanity? How do we resolve virtual reality and physical reality? Or seemingly more simple questions like, How do we make a better calculator?


The study of human-computer interaction (HCI) is an attempt to answer some of these questions. One of the principal goals of this field is to improve computer interfaces for their users (ie. to make them more usable). 'Usability' is a word that is thrown around pretty casually these days, and generally speaking a simple definition is "ease of use". But it's not easy to get much more detail than that in any absolute or objective terms since it usually depends on the interface (or conversely the user activity) in question.


Since I am also looking at a file browser interface, the expectations I have for evaluating its usability are:

· its capacity to aid the user in accomplishing her/his goal(s) (Does it get in the way?)

· the time needed for the user to accomplish tasks (ie. those tasks mentioned above)

· the user's satisfaction with the interface (Do they enjoy using it?)

Two important usability thinkers that I have found especially relevant to my thesis are Jef Raskin and Alan Cooper. Raskin worked at Apple in the late 1970's and lead the development of the Macintosh computer starting it off in the direction it would take for many years. His book, Human Interface, describes how many software systems have a tendency to get in the way of the user's goals. Confirmation screens (e.g. 'Are you sure you want to delete this file?”) counter-productively second-guess the user. Confirmations are designed to protect the user from making a mistake, but the mistake is almost always the exception. The user is in the habit of ignoring the confirmation warning and so will then continue to ignore it precisely when they should pay attention. The confirmation does not exploit the user's tendency to form habits in using the software. Raskin explains: 

"We must design interfaces that (1) deliberately take advantage of the human trait of habit development and (2) allow users to develop habits that smooth the flow of their work. The ideal humane interface would reduce the interface component of a user's work to benign habituation. Many of the problems that make interfaces difficult and unpleasant to use are human-machine design that fails to take into account the helpful and injurious properties of habit formation." (Raskin 2000, p. 20)

While Raskin focuses more on providing compelling criticisms of software design, Cooper offers his share of criticisms along with guidelines for creating better software. Cooper's approach is slightly more practical, since he focuses on making better business models for software design and development. Cooper explains that when dealing with software human error in most cases is a fallacy. If users are making mistakes this indicates poorly designed interfaces not clumsy or careless users. File browsers are frequent interfaces resulting in "human error" -- losing files, accidental deletion, etc. One way to address this tendency to make mistakes, according to  Raskin, is that every action should be undoable.


Cooper also emphasizes that usability testing should be done before and throughout the software is actually programmed (Cooper 2004, pp. 205-208). Before written into code, the user's goals as addressed by the software's functions should be tested. Recurrent testing emphasizes attention on the user's goals with each iteration.

Forms of human memory is another crucial aspect in designing interfaces for information systems. George Miller's 1968 essay “Pyschology and Information” is highly quoted in discussing the importance of spatial memory in information recall. Here is a short excerpt:

“The priority of space as an organizing principle is so compelling that we frequently take information that is really not spatial in character and give it a spatial representation just so we can think about it more clearly and  remember it more accurately. Examples from the world of science would include the taxonomic trees of biology, the flow charts of systems engineers, the valence diagrams of molecular structure, medieval diagrams of the syllogism [...] and many others.” (Miller 1993, p. 287)

Miller goes on to explain that the power of spatial memory is not isolated to humans but that many animals use spatial memory for remembering a food source. Also that the relation of objects in space is often more memorable than forms, and shapes.


There have been a number of studies in the last 10 years concerned with spatial classification as an aid to file management systems. Most of these have explored the potential of 3D spatial file browsers. Geoffrey Ulman
 wrote “Browsing Data in 3D: An Immersive First Person File Browser” a lengthy survey of file browsers and analyzes the potential of 3D file browsers. “The motivation for working with 3-D interfaces despite these difficulties lies in the potential for superior data visualization, more natural data organization and  representation, better use of screen real estate, and the exploitation of human’s natural  spatial cognitive abilities that 3-D interfaces may be able to provide.” (Ulman 2005, p. 4)


Much less research has been done lately on using 2D space as an effective aid to spatial memory. There is not doubt that 3D-space offers more possibilities for organizing and remembering over 2D-space, especially when combined with research from virtual reality and mixed-reality. But I think the common physical interfaces (mouse and keyboard) are not sufficient for effectively interacting with 3D digital environments. Keyboards are essentially one-dimensional interfaces (“up” and “down”), while mouses are two-dimensional (“up”, “down”, “left” and “right”). Everyday users need a new interface for interacting with 3D-space in order to truly take advantage of 3D spatialization of information.


Until 3D-interfaces take off, there's no reason that 2D-spatialization cannot be a useful method of aiding spatial memory in the meantime. Actually one alternative to true 3D-space is 2.5-dimensions, which is essentially what happens with a ZUI (zoomable user interface, explained in more detail below under file systems).

Data Visualization

Data visualization (or information visualization) basically means turning data (numbers, words, metadata, etc.) into images. Of course, the idea of visualization began a long time ago, and can be seen in the development of Euclidean geometry and the innovation of the Cartesian plane. But computer graphics technology has taken visualization far beyond what was possible before. At first computers were used almost exclusively by scientists to visualize scientific data. This was a natural relationship because it is often easier to see trends in data by looking at an image than a table of numbers or text (especially when dealing with a large amount of data). But other fields eventually picked up on this new tool and now it is common to see visualizations in the media, art, financial sector and their explosion on the Internet in the last few years
.
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In 2002 Catherine Plaisant and Jean-Daniel Fekete at University of Maryland's Human-Computer Interaction Lab collaborated on a project to visualize a million items in a single interactive screen (Fekete, 2002). The visualization technique is called a treemap
 which uses an array of rectangles distinguished by size, color and grouping to fully fill the screen. One of the main purposes of the project was to evaluate the scalability
 of treemap visualization. The researchers ran into constraints in the processing power needed to interactively visualize a million items on a 1600 x 1200 pixel screen. However, according to their evaluation of the visualization, they explain that it is effective in revealing groupings and trends that would otherwise be very difficult to discover. This does not mean that packing screens with huge data sets is always a good idea, however it demonstrates that when dealing with huge data sets it is worth exploring the potential of high-density visualizations. 


So software designers should not be afraid as to display a lot of information if it can be clearly organized, and if relationships between items can be successfully revealed. Casting off this fear was important in my approach to thinking about a new file management system. However, Plaisant and Fekete's project is simply a visualization -- the interface was not built for a user to manipulate the objects being visualized. I imagine it is very difficult to use a mouse in this visualization to isolate a single, small rectangle (maybe just a few pixels in area). So I must be careful in integrating high density visualization in a  file browser. For this reason I have looked into specific issues of HCI already mentioned as well as specific interfaces of file browsers which I address next.

File Systems

Decades before the personal computer invaded offices and households, a couple of information theorists conceived of systems that would collect and connect information for a single person. Paul Otlet, a Belgian library scientist, sketched out his idea for the Mundaneum. This analog interface would allow anyone to rapidly access a library's worth of information. In the 1930's Otlet's imagined idea started to become a reality though it relied on a large staff that classified information on standardized paper sheets, in some ways resembling an analog search engine. Sadly, as World War II swept into Belgium, the Mundaneum services came to a halt and the facility itself was later re-purposed by the Nazis.


In 1945, American information scientist Vannevar Bush published his famous essay As We May Think, which outlined ideas for the Memex. The Memex, the “memory extender”, essentially emulated Otlet's vision but with an entirely unified digital interface. It would allow users to examine documents, images, sounds and explore their interconnections, by using an integrated screen and keypad desk.


Both Otlet and Bush essentially were talking about information retrieval interfaces, not interfaces for user-driven organization. So this is only one half of the tasks for a file management system. Their idealistic description of an information providing interface that is extremely fast and easy to use is arguably visionary or naive. But I find the idealism inspiring because it takes information systems out of the context of the standard desktop metaphor.

In 1983, when desktop computers were gaining momentum in the market, Thomas Malone published an article "How Do People Organize Their Desks?" (Malone 1983). His study explored how people organize their physical office spaces in order to analyze successes and failures of digital desktops. By observing how people organize documents into piles, Malone explains that users generally prefer spatial over logical classification. Malone explains that people in offices use both “formal” (file-folder archiving) and “informal” (piles) organizing methods. Computers however only provide formal methods of organization and do not offer the casual-ness of many physical working environments. As a suggestion he suggests that computers assist users in the process of classification by offering: (1) multiple classifications for any given document, and (2) an option for deferred classification (where the user can set the classification at a later date).


None of these suggestions seems to have been implemented in the standard file systems. Windows Explorer and the Mac Finder have changed little in the last 30 years. Both of these file browsers use both 'navigational' and 'spatial' methods of file browsing. Navigational browsing divides the browser interface into panes where the user can see the folder hierarchy and a listing of elements (file and subfolders) within the folder. Spatial browsing displays each file as an icon which is manipulable and movable, and the browser remembers all the files' locations. Spatial browsing seems to follow Malone's suggestion for spatial classification however the advantage of organizing documents in this way is canceled out by hiding this spatial relationship within countless folders and subfolders which--on the outside—are all opaquely look the same.


These methods of browsing have been refined with each new release, but they have remained fundamentally unchanged. Both were designed to mimic the way we formally organize files in an office: an ordered collection of folders, subfolders and files. But Malone explains that we also informally organize files into piles, and standard file browsers are not designed to replicate common ad hoc techniques of organization.
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Victor Kaptelinin and Mary Czerwinski question the power and limitations of desktop metaphor software in Beyond the Desktop Metaphor. They write that, "As opposed to its source domain, the physical office, the desktop metaphor is based on using the same surface--the screen--for both displaying and accessing information."(Czerwinski 2007, p.3)  Moreover they point to the failures of the desktop OS, "Empirical studies and logical analyses indicate that traditional desktop systems do not provide sufficient support for information works in real-life contexts characterized by collaboration, multitasking, multiple roles, and diverse technologies." (Czerwinski 2007, p.2)

If desktop systems were ever sufficient for organizing the information important to us, they appear to be even less capable because of the number of files we need to access regularly or intermittently is constantly increasing. According to Malone, creating classifications and accurately classifying documents can be time-consuming and frustrating (Malone 1983, pp. 105-106). Since classification is so hard, increasing the number of files to classify and keep classified only multiplies the problems with the classification system. 


A study by Tammara Combs and Benjamin Bederson conducted in 1999 (Combs 1999) compared users' ability to find images with 4 different image browsing interfaces. The interfaces tested were: a "typical" 2D image browser
, two different 3D browsers, and a zoomable image browser (ZIB, which their team built for the experiment). They frame their study with the following, "Graphical information is being used throughout many systems to help bridge the gap between such differences as languages, gender, age and personality.  Sometimes pictures really are worth a thousand words, but what good are they if the interfaces do not offer the support that users need?" (Combs 1999, p. 1)


Combs and Bederson report that the 2D and the ZUI browser systems performed equally, and both performed better than the 3D systems. However, part of their study examined the time for users to browse for a specific image within sets of different numbers of images (sets of 25, 75, and 225 images). Even though users had faster recall times with the ZIB for all three sets and for 225 images it was twice faster than the 2nd fastest, they state that this was not a statistically significant difference. Also, the 2D and ZIB browsers performed roughly the same in terms of user satisfaction for every image set size. Nevertheless their results point to an increase in performance for the ZIB as the size of image sets increased. This points to the possibility that an an even larger image set would in fact yield a significant improvement for the ZIB over the 2D browser.


 Combs and Bederson explained that most users did not use the zooming feature with the ZIB, even though a demonstration was provided before the user test. Instead of using the zooming feature they were able to see each image from the set on the screen at the same time because the image thumbnails were still discernible though very small. So I am left with some questions about why the zooming feature was not used: Was the zooming interface flawed, confusing, or insufficiently explained? Or was the test insufficient for investigating the supposed advantages of a ZUI (being able to browse huge data sets, much more than 225)? If the test had included an even larger set of images would this 4th set have yielded statistically significant results over the 2D browser?


As mentioned, most file browsers follow the two standard browsing methods (spatial and navigational). Some notable exceptions are Disk Inventory X and Liquifile.
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Disk Inventory X, a freeware application by Tjark Derlien, displays the contents of a directory in a treemap (the same visualization method used in A Million Items). The interface does not allow the user to reorganize the files, in fact the purpose is to ignore the organizing system of folders and subfolders, thus exposing files that may have been lost in the endless nesting of subfolders. Nor does it offer options of most file browsers to duplicate or remove files. So while it is a file browser, strictly speaking it is not a file management interface. However, it illustrates the usefulness of displaying files with an ad hoc organization (where the criteria used to organize the files are elements of the files themselves and not indicated by the user). In addition, by using a treemap, Disk Inventory X provides a test for manipulability of a large number of objects in a space-filling visualization.

[image: image9.jpg]666 @ owaldeck
v @ cldeck 102.856)

> 8 Deskiop 20398

> (3 Documents 0174)

5 [ fime prvat 122)

@ dnistopsei o
8 savasnoppeines

25w

(L auuavs
e eney




Liquifile, a licensed application by Carsten Waldeck, combines the standard Mac Finder listing of files and folders with a correlated visualization. Each file and folder is described by its name on the left and by a circle on the right. The circle is placed some horizontal distance away from the name depending on some variable ascribed by the user (say on modification date, or creation date), while the size of the circle represents the file size. Liquifile offers all the same functionality as the standard Mac Finder, but it goes beyond that by visualizing properties of the contents of a directory. It allows the user to explore folder by folder, or to ignore the folder hierarchy altogether. Liquifile addresses Malone's suggestion for a spatial classification system, by allowing users to tap into their spatial memory. Meaning a user could conceivably find a file, not simply by hunting down its name, but also by recognizing its relationship as a circle to other circles in a larger pattern. After all, the human brain is better at recalling the memory of a visual pattern than a long list of file names.


Remembering how Raskin explains that interfaces should exploit our habit-forming traits, it's evident that Liquifile offers a legitimate improvement in managing files. I believe this relatively simple idea of visualizing information about files in order to organize and access them is quite powerful. Liquifile, however, has only cracked open the door to a more visual approach to managing files.
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In looking at various file browsers and other information systems I have come up with a rough chart (See Chart 1) that compares the effort to access information with the effort to organize it. This is a rough estimation based of average usability. Both Finder and Explorer require effort to organize by creating a system of folders and subfolders that the user is must remember with some effort in order to later access the needed files. The three easiest systems are: SmartFolders (part of iTunes), del.icio.us, and Spotlight (on Mac OS 10.4). All of these systems are relatively easy to set up and access, and they are all ad hoc organizational systems – none of them require the user to define a hierarchy or structure to organize their information. Instead it is the very properties and contents of the files that enable the user to organize and access them. Each of these are essentially systems of data retrieval and not management, nor do they use any visualization. A usable file management system needs to provide tools to both easily organize and access files, and based on this somewhat crude analysis (in the near future I plan to follow-up with a more quantitative analysis), I believe that ad hoc organization is a key element.

Making connections
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My research has identified many of the requirements and challenges for a developing a usable information system. This new interface should exploit our natural inclination towards habituation and (when appropriate) spatial memory. In order to achieve any degree of usability the interface should be user-tested continually throughout development. But I am not sure if my idea for an interface is the solution. Certainly some believe that file browsers should be replaced entirely by advanced search tools, such as Google Desktop, Quicksilver or Spotlight. I recognize the usefulness of searching for files, but I think a system of browsing is also worth exploring. Searching and browsing should not placed in competition but rather as compliments to one another.


Again, the goal of my project is to develop a new interface that makes it easier for frustrated computer users to manage their files. In order for this to happen the application must enable the user to easily: (1) find (and remember where to find) their files; and (2) to organize and reorganize their files. Standard file browsers have used HCI research to come up with their current models, and so have Combs and Bederson in their study of the ZUI interface. Thus my research has seen HCI research overlap with the fields of file systems and data visualization. But with the exception of Liquifile and Disk Inventory X, I have seen few examples to bring techniques of data visualization directly into the realm of file browsers. So my idea for a new file browser interface is an attempt to pull in what I have learned from data visualization and HCI to make a usable, scalable, and highly visual file manager.


My proposed interface requires a highly refined visual language that can be used for management not simply visualization, but is also scalable. ZUI's are a possible solution to this problem, but I have not seen a strict ZUI that visualizes information. On the other hand, treemaps offer a great range of scalability, but do not seem to be ideal for object management. Perhaps a hybrid or entirely new method is required to solve this problem. Additionally, my research has uncovered the ease of use for ad hoc organization systems, which I plan to incorporate in my early prototyping.
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�	It is worth pointing out the Ulman wrote this 50-page paper as his Senior Thesis while at the Rose-Hulman Institute of Technology in 2005. In spite of being a junior academic, the paper is as insightful as it is painstakingly thorough in discussing all aspects of file browsers and the faults and benefits of a 3D system.


�	 Some examples of visualizations used in these other fields. Media: New York Times has incorporated a lot more visualization both in their website and their printed newspaper. Art: John Klima has incorporated various financial and geographic data sources for visualization in his artworks. Financial: See Martin Wattenberg's 'Map of the Market' or even Google Finance.


�	 See a history of treemaps by Ben Shneiderman (http://www.cs.umd.edu/hcil/treemap-history)


�	 A visualization is scalable if its visual system or visual language accommodates a broad range in numbers of objects. So the visualization should be accurate and useful in displaying 10 objects as it is with many higher orders of magnitude. 


�	 Standard 2D image browsers use thumbnails in a grid array that the user navigates via scrolling and folder/group selection. Both Finder (Mac OS X) and Windows Explorer (since Windows 98) follow this principle though not simply with images but with all files. 





