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Abstract

The self-organizing file cabinet is o personal digital
library associated with a user’s physical file cabinet. It
enhances the file cabinet with electronic information
about the papers in it. It can remember, organize, up-
date, and help the user find documents contained in the
physical file cabinet. The system consists of a module
for extrocting electronic information about the papers
stored in the file cabinet, a module for representing
and storing this information in multiple views, and a
module that ollows o user to internct with this infor-
mation. The focus of this paper is on the design and
evaluation of the self-organized file cabinet.

1 Introduction

Most ordinary offices contain a desk with a com-
puter and lots of papers scatiered on it. They also
have file cabinets and shelves full of books. If one
considers only the physical documents in this room, it
is highly probable that the owner of the office could
only locate a proportion of what i3 in it. She may re-
member a great article she read a year ago but can't
remember who wrote it, and therefore, cannot retrieve
it to show it to an interested student. Or perhaps a
deadline is approaching and she needs a document,
but can’t remember where she put it. Is it still in the
file cabinet? Or did she already take it out and put it
on her desk?

These problems are faced by many people today,
and the only remedy they see is that they need to be
better organized. There is another solution. Rather
than trying to alter human nature, one can go to a
computer for help. By sharing the task of organiza-
tion, one could be a lot more efficient. All that is
needed is one more tool in the office, a scanner. Then
a link between her file cabinet and the physical world
is created. Each new document that is placed in the
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file cabinet is first scanned. A drawer is chosen by the
user or the system and then placed in the front of the
drawer. Now the author is no longer the only informa-
tion she can use to search for the document she wants
to give that student. She will be able to query the
system through text strings or color or both to find
the document

In this paper we present such a system, a self
organized file cabinet. We can view this system as a
personal digital library associated with one's files. We
do not regard digital libraries as replacements of fra-
ditional libraries. For sociological, economical, and le-
gal reasons we envision digital collections that co-exist
with paper collections. When the same information is
present in paper and digital form it is important to

_coordinate the indexing, cataloging, and access pat-

terns.

The self-organizing filing cabinet is a system that
enhances a physical filing cabinet with electronic in-
formation to support better filing and queries. The
system works as follows: each document is scanned
before being filed away. The scanned image can be
fiitered with OCR to recover the words of the docu-
ment. The scanned image can also be processed by
color and other layout filters such as those we devel-
oped in our previous work [RS95b, RS97]. This in-
formation is added to a database. The scanned docu-
ment is then compared with the rest of the database to
identify the best physical filing location. The contents
of the database are kept organized as a hierarchy of
clusters. When looking for information in this physi-
cal filing cabinet, a digital query can be used to com-
pute location of all relevant documents in the physical
space. The database can also be used to browse the
contents of the collection.

This paper also contains three evaluation studies:
the first study measures the performance of the sys-
tem; the second study measures the effectiveness of
using the file cabinet to organize information for the



user; finally, a small user study explores the utility of
such a system.
1.1 Related Work

Efforts to enhance physical environments with
electronic information include The Intelligent Room

project at the AT Lab at MIT and the ALIVE project -

at the Media Lab at MIT. The goal of the Intelligent
Room project is to create a room surveyed by cameras
that can recognize and understand physical gestures.
Progress on this project has been reported in [Tor95].
The ALIVE project allows users to interact with an-
imated electronic characters and has been described
in [Mae95].Other related projects include efforts from
Euro Xerox and Hitachi to create interactive desks,
where the user can write with a stylus pen on the desk
top. The desk-top consists of a display that can cap-
ture the user’s input. A camera mounted on the desk
top is used to project on the desk top rather than ex-
tract information [AM+94]. Finally, [RS97] describe
a self-organizing desk.

The Intelligent Room [Tor95] has been design to
help groups of people collaborate in a shared meet-
ing space. The Intelligent Room offers many features
which include: the computer's ability to track the
room’s occupants and understand human gestures; in-
telligent agents that “autonomously navigate National
Information Infrastructure to retrieve information or
to provide computational service to the room” [Tor95];
and agents that keep a repository of data and plans in
a persistent database.

The room uses cameras to tract the occupants of

the room. The computer selects two of the most in-
teresting views of the image to track the proceedings
in the room. The room watches for humans to point
at objects in the room, and if the human is pointing
at a place where the computer registers a command,
the command will be carried out. They are also im-
plementing speech recogrition commands to enhance
a speaker’s presentation.

The designers of the desk [AM-+94] believe that the
desk is the center for intellectual human activities and
that the object will retain its importance even with
the increasing capabilities of computers. For this rea-
son, they have developed a desk that allows the user
to interactive with the computer as if it were a more
traditional desk. The components of the desk include
a computer with keyboard and mouse. It is impor-
tant to have large displays to make it easy to view the
working environment. They use a 26 inch CRT dis-
play as well as an Al-sized transparent tablet as the
desktop display with a pen-input facility.

The InteractiveDesk allows the user to add personal

notes in writing to files. It also allows one to link real
world objects to files on the computer. This plays
on the principal that a person would rather retrieve a
scrapbook instead of digging through the hierarchy of
directories to find the documents of interest. The desk
uses a camera to recognize these objects. The camera
is also used to anticipate which work space the user
to using. This determines which meonitor is used to
display the items.

The self organizing desk [RS97] shares many fea-
tures with the self-organizing file cabinet since the
desk was the predecessor to the file cabinet. The desk
uses a camera to monitor the traffic on a desktop. It
takes pictures of papers and processes the contents of
a paper so that a user can submit gueries to the com-
puter when trying to find a paper rather than sifting
through papers on the desktop. It then keeps track
of the location of the paper as it moves around on
the desktop. The system relies on the fact that pa-
pers tend to be stacked on the desk so it allows one to
move a stack of pages at a time without loosing track
of a document.

Qur virtual file cabinet system draws from progress
made in several areas: self-organizing systems {Koh90,
Sam69, CKP93, APRO8, APRS9], information re-
trieval and organization [Sal9l, SA93, Wilg88, RAG3],
robotics and vision [MRR96, HKR93], automated
document structuring [TA92, MT*91, RS95b, JB92,
NSV92], and user interfaces.

2 Example

Figure 1 shows a typical setup for the self-
organizing file cabinet. The user is presented with
a GUL The right side of the GUI contains a picture
of the physical file cabinet setup in the office. The
left-hand side gives an electronic visualization of the
physical file cabinet. We call this image the virtual file
cabinet. The bottom part of the file cabinet contains
a series of buttons that can trigger the retrieval and
organization capabilities of the system.

The user would typically add a paper to the file cab-
inet by scanning it. After the electronic information is
captured from the scanned image (in the form of test,
images, color, and layout information) the user has
the choice of (1) inputting the drawer location for the
new document in the file cabinet library; or (2) ask-
ing the system for a drawer recommendation, based
on the information that is currently contained in the
system.

The user can query the file cabinet based on text,
color, layout information about the document, or a
combination of all these types. The system can an-
gwer (ueries such as “where is the paper with the red



Figure 1: A snapshot of the virtual file cabinet system.
This figure shows the basic GUI for the virtual file
cabinet. It also shows the response of the file cabinet
to a query. Note that each drawer is represented in
a side view so that the approxinate location of the
documents found by the system can be marked on the
virtual drawers.

table in the lower right hand corner?” Or “which pa-
pers are about intelligent agents and have red pictures
on the left side?” The library system responds by
highlighting the location of the relevant documents in
the virtual file cabinet. These locations correspond to
the physical location of the documents in the real file
cabinet. The user can then proceed to the relevant
physical drawer to retrieve the document.

The user can also ask the file cabinet library for
a table of contents. The self-organizing file cabinet
employs an information organization algorithm that
presents the user with a visual summary of all the
topics present in the file cabinet. The user may select
a topic, which causes the highlighting of the location
for all the documents contained in the physical file
cabinet that are relevant to the given topic.

3 The System Description

The vision of a self-organizing file cabinet is
achieved by the system shown in Figure 2. Our main
goal in creating this system was to develop tools to cre-
ate automatically a reference library associated with
the documents in an office space. We believe this to

Information Capture

History
Space/Time
Text (QOCR)
Layout (filters)

Figure 2: The system components of the self-
organizing file cabinet. Documents to be filed are first
passed through a scanner. The scanned images are
filtered by OCR and color. Other image segmenta-
tion modules can easily be added that would recover
the figures, table, and other layout information. Each
of the features is then entered into a database that
contains multiple views of the documents according
to these features. In addition, the database contains
a field for the physical location of the document in
the real file cabinet. The user has the option of spec-
ifying a physical location for the document in the file
cabinet, or of asking the system for a recommenda-
tion based on the current contents of the file cabinet.
The database is indexed, organized, and available for
queries.

be a useful system because humans in general have
great difficulty maintaining organized systems of doc-
uments. This difficulty is often due to the fact that
one document could belong logically in several differ-
ent locations. Thus, there may be inconsistencies in
placing and retrieving physical documents.

Qur system addresses this problem by maintaining
electronically an image of the physical cabinet. The
virtual cabinet retains a picture of each document in
it. This picture is computed by a scanning operation
which is done manually by the user. We believe that
although the initial time spent scanning a document
can be much greater than the time to place a document
in a drawer, the ease with which one can find that
document out-ways the initial time investment.

The user can query the virtual file cabinet by spec-
ifying a combination of word and color information.
The system also offers the capability of finding other
similar documents stored in the file cabinet. In ad-
dition, the system can present the user with a “table
of contents” that captures the topics and subtopics of
the documents contained in it. Finally, the system
can help a user file documents by suggesting the best
drawer for the current document based on the contents
of the file cabinet.

There are four main components to the the self-



organized file cabinet: (1) the database that captures
multiple representations for each document; {2) the
search engine used to query the cabinet; (3) the orga-
nization component (used to compute a table of con-
tents for the file cabinet and to recommend drawers
for filing); (4) the GUI visualization scheme for the

file cabinet. The rest of this section is devoted to de-

“scribing each of these modules.
3.1 The Database

The file cabinet database is structured to mirror a
file cabinet in the physical world from the design of
the structure to the way in which manipulations are
performed. For example, in order to retrieve a pa-
per, one first thinks of retrieving the paper from the
cabinet. The first question that needs to be answered
is which drawer. Once a drawer is known, the task
can be reduced to retrieving a paper from the drawer,
and the files are thumbed through to find the correct
one. We designed classes in C++ to make normal op-
erations on a filing cabinet as natural and intuitive
as possible. The parent structure is the filing cabinet
itself. A filing cabinet consists of drawers. The imple-
mentation structure of the drawers is a dynamically
allocated array.

To support queries that combine textual with lay-
out information, we created a database indexed by
words, color, and physical information. The database
comprises a collection of inverted indices, one for each
attribute. An inverted index associates each attribute
instance with a list of documents containing it. The
advantage of this representation scheme is a speed-up
in search: given a specific attribute {a word, a color,
etc.), the list of documents containing this attribute
is available in constant time. Each index is computed
incrementally by a filter that operates on the docu-
ment’s scanned image. Currently, our filter library
consists of two filters: OCR. and color, but the archi-
tecture is expandable and we will add new filters in
the future.

OCR. The OCR filter is built-into the scanner.

Color. The color filter works by building a color his-
togram annotated with layout information for each
object. The filter determines the 24 most prevalent
colors occurring in the document and the location of
each color. Location is a layout attribute determined
by placing a 3 x 3 grid on the paper.

Space, time, and history. Each paper gets as-
signed a location in the file cabinet using coordinates
that can be provided by the user or computed by the

systermn. Each paper is also time stamped. In addition,
each paper is associated with a list of papers before
it and papers after it in the physical drawer, to cap-
ture the drawer history. This information is necessary
to compute approximately the location of a document
within a drawer.

3.2 Filing and Retrieving Documents

The filters defined in Section 3.1 generate a web
of representations for each document. We compile
this muliplicity of representations in a database.
This database supports the following desk operations:
adding a paper to the file cabinet, removing a paper
from the file cabinet, computing a table of contents
for the file cabinet, and computing the best location
for filing a new document. The information in this
database changes dynamically, as driven by these op-
erations. In response to each event, the database is
updated automatically.

The file cabinet can be queried with keywords, with
an entire document (full text), with color and layout
information, and any boolean combination of these at-
tributes. We use an augmented version of the Smart
System [Sal91], which is a sophisticated text-retrieval
system. We augmented Smart to also support color
and layout indices. Smart copes well with partially
corrupted {by OCR) text. Its basic premise is that
two documents are similar if they use the same words.
Documents and queries are modeled as points in a vec-
tor space defined by the important words oceurring in
the corpus. When all texts and text queries are rep-
resented as weighted vectors, a similarity measure can
be computed between pairs of vectors that captures
the text similarity. We use this similarity measure
as the basis for computing hyper-links between docu-
ments that are similar to each other in this statistical
framework.

The textual information contained in the docu-
ments in the file cabinet is organized by topic using
the star clustering algorithm we developed [APRI3,
APR99] on the document space. The star algorithm
gives a hierarchical organization of a collection into
clusters. Fach level in the hierarchy is determined
by a threshold for the minimum similarity between
pairs of documents within a cluster at that partic-
ular level in the hierarchy. This method conveys the
topic-subtopic structure of the corpus according to the
similarity measure used.

‘We have developed an off-line version of the star
algorithm to handle static collections, and an on-
line version to handle dynamic collections [APRSS,
APRO9]. Both algorithms are used in the file cab-
inet system. These two algorithms compute clusters



induced by the natural topic structure of the space. To
compute accurate clusters, we formalize the clustering
problem as one of covering a thresholded similarity
graph by cliques. Covering by cliques is NP-complete
and thus intractable for large document collections.
Recent graph-theoretic results have shown that the
problem cannot even be approximated in polynomial
time [LY94, Zuc93). We instead use a cover by dense
subgraphs that are star-shaped', where the covering
can be computed off-line for static data and on-line
for dynamic data. We show that the off-line and on-
line algorithms produce high-quality clusters very ef-
ficlently. Asymptotically, the running time of both
algorithms is roughly linear in the size of the similar-
ity graph that defines the information space. We have
derived lower bounds on the topic similarity within
clusters guaranteed by a star covering, thus providing
theoretical evidence that the clusters produced by a
star cover are of high-quality (in other words, have a
high degree of precision). The file cabinet uses the off-
line version of the star clustering algorithm to organize
an existing file cabinet and extract a table of contents.
The file cabinet uses the on-line version of the star al-
gorithm to recommend a drawer and to insert a new
document in an existing file cabinet organization.

3.3 The Graphical User Interface

The GUI was spatially designed with four quad-
rants as shown in Figures 1 and 3. In the upper left-
hand corner a graphical representation of the file cab-
inet appears. In the upper right hand corner, a pic-
ture of a file cabinet is shown. In the lower left-hand
corner, the search manipulations appear. The output
from the search is printed in the scrolling text area. In
the lower right hand corner there are a series of but-
tons that allow for the manipulations of documents
and the file cabinet as well as buttons pertaining to
the clustering by topic features.

The display of the file cabinet draws a picture of the
file cabinet. The file cabinet is blue with drawers out-
lined in yellow on a black background. Each drawer
is actually a side view of the open drawer rather than
a front view. This enables the interface to display the
approximate position of a paper within the drawer by
drawing a red line to highlight the document. When
a drawer becomes full, many papers could be repre-
sented by one line. The results of most searches yield
more than one paper. In order to figure out exactly
which paper is the one the user is interested in, the
user can highlight a specific paper in green.

The lower left part of the screen is devoted to the

In {81J70] stars were also identified to be potentially useful
for clustering.

Figure 3: The Graphical User Interface to the virtual
file cabinet shows the output of the system in response
to a request for the table of contents. Each blob rep-
resents a topic contained within the file cabinet that
was computed by the star algorithm. The distance
between the blobs is proportionate to the distance be-
tween their corresponding topics computed by the star
algorithm in the vector space model. The user can se-
lect a topic by clicking on a blob. This causes the
highlighting of the location of all the documents con-
tained in that cluster in the file cabinet.

searching mechanisms. The top part of this section
is used to construct colors by mixing red, green, and
blue. This forms twenty-four different colors. The
constructed color is displayed to the right of the slid-
ers. Above this color display are nine radial buttons.
These are used to select portions of the page to search.
When the “Color Search” button is pressed, search
commences. Below the color search part of the dis-
play is a line to enter text queries. The text query
commences by pressing enter in that box. Next to the

~ “Color Search” button is the “Combo Search” button.

A combination search takes the results of a text query
and color search and displays only those papers that
are found by both searches. The results of queries are
displayed in the scrollable text area at the bottom of
the screen. The search identifies pages by page identi-
fication number, drawer row, and drawer column. The
text query also includes information about the simi-



larity of the document to the query. Documents are
listed in rank-order.

The lower right part of the screen consists of all the
buttons used to manipulate the file cabinet as well
as the ones related to clustering documents by topic.
These buttons included changing the size of the file
cabinet; adding, removing, showing, and moving a pa-
per; summarizing and removing a drawer; and clus-
tering the whole file cabinet or finding the clusters
that include one particular paper to discover similar
papers.

In the Menu Bar there are two pull down menus.
One is “File” which allows one to load and save a file
cabinet and to quit the application. To load and save
one is asked to specify a full path directory. The sec-
ond pull-down menu is labeled “Preferences”. There
are two menu items. The first, “Set Image Directory,”
asks the user tospecify the directory where all scanned
documents in the file cabinet are located. The second,
“Recommendation Threshold,” allows the user to set
up the range of the thresholds to be used when the file
recommends the placement of a document and at what
frequency thresholds will be used within the range.

4 Experiments

We have identified three different ways of evaluat-
ing the virtual file cabinet system. First, we measured
the performance of each module in the system. Sec-
ond, we devised an experiment for evaluating the most
complex function of the system, which is the recom-
mendation of the filing location. Finally, we did a
small user study to find out people’s reaction to such
a systemn.

4.1 Performance

The system was tested to make sure that all op-
erations occurred at a réasonable speed so that users
would not become impatient with the system. The re-
sults of this test are shown below. Note that the time
taken by all operations other than scanning is given
in clock ticks. The scanning time is given in minutes.

Function Time
Scan 2 mins.
Initialize 85.59
Load 241.13
Save 103.77
Change File Cabinet Size | 8.27
Add Page 334.71
Recommend Drawer 814.50
Remove Page 572.55
Move Page 0.72
Print Drawer 5.16
Delete Drawer 0.09
Find - Single 0.54

. Find - Group 16.80
Cluster on a paper 871.44
Cluster Cabinet 710.78
Search by Color 8.18
Smart Search 61.80
Combo Search 54.80

4.2 Ewvaluating the Filing Location Rec-

ommendation

The most computationally complex part of the sys-
tem: is the drawer recommendation operation. This
feature of our system leads to a virtual file cabinet
that is more than just a mirror image of a real file
cabinet. The ability of identifying the most logical
filing location for a new document leads to a system
with limited self-organizing capabilities.

We chose two measures for evaluating the filing lo-
cation recommendation features. The first measure

- captures how well the cabinet was able to evenly dis-

tribute the papers throughout the drawers. The sec-
ond measure captures the quality of the topic and
subtopic clusters computed by the system.

Our experimental decument collection consists of
the pages from Communications of the ACM July
1994-Volume 37, Number 7, a special issue on Intel-
ligent Agents [CAC93]. Some 88 of the total pages
of this issue contain articles about different aspect of
intelligent agents. We regarded each page in the mag-
azine as a separate document. We hypothesized that
all pages within an article would be more closely re-
lated to each other than pages of other articles. For
the most part this proved to be correct, except for
on a few notable exceptions where pages were not re-
lated to any other page in the magazine. One was in
the article “A Conversation with Marvi Minsky about
Apgents” where American society and education are
discussed. Occasionally, a large portion of final page
of an article consists of references, which greatly ef-
fects its similarity to previous pages.

We set up three different types of experiments. In



the first group of experiments we entered the entire
collection at a range of thresholds 0.45 to 0.5 (in in-
crements of 0.05) for the threshold parameter used by
the star clustering algorithm. In one run the pages
were entered in order (since it is a deterministic pro-
cess) and 10 were entered in an order generated by a
- random order generator. In the second group we en-
“tered all but the first pages of each article using the
same threshold range as in the first experiment, one
in order and 10 in a randomly generated order. (We
chose this variation because we observed that the in-
troduction pages of all our articles tended to be very
similar, as they covered similar issues.) In the third
group of experiments we used a higher range of thresh-
olds, 0.55 to 0.75. The entire collection was used. One
run consisted of pages that were entered in order and
ten in random order.

The high threshold variation gave the best results
as far as distribution of papers among the file cab-
inet drawers. The largest drawer had an average
size of 26.0 papers. The smallest drawer had an
average size of 20.2. The other two variations per-
formed almost equally, but the distribution of papers
was more uneven. The results are shown as follows,

Experiment | Smallest Drawer Largest Drawer
Avg | Min | Maz | Avg | Min | Max
Exp. 1 1521 10 19 1393 | 28 56
Exp. 2 156 | 11.6 ) 18.5 | 374 | 27.8 | 475
Exp. 3 202 19 21 [ 260 23 31

In contrast the variations that used a lower thresh-
old performed significantly better at grouping pages
from a particular article. When all pages were filed
at thresholds of 0.5 and 0.43, 82% of pages of an ar-
ticle grouped together when filed in random order.
This value increased to 91% when the documents were
pages were filed in order. Without the first page of
each article, no preference was given towards the pages
being filed in order verse random order. Eighty-two
percent of the pages of an article were found grouped
in a drawer when the pages were file in order and 83%
when the pages were filed in random order. The high
threshold variation only had 70% of the pages of an
article group in the same drawer when pages were filed
in random order. This number decreased to $2% when
the pages were filed in order.

4.3 TUser studies

User studies were performed to evaluate how well
the interface was able facilitate use of the file cabinet
and how useful the users thought the overall system
was. Besides having users use the system, the Self-
Organized File Cabinet was presented at a Dartmouth
College Poster Symposium. The people that learned

of the system were intrigued and interested in learning
more about the system.

The user studies revealed attributes of the file cab-
inet that were difficult or uncomfortable to use. The
design in general, however, was easy to understand.
To instruct people in using the file cabinet, we gave
a brief demonstration that pointed out buttons and
showed how to cluster the file cabinet. Finally, we
demonstrated a color, text, and combination search
before quitting the application and allowing them to
use it. We gave them a piece of paper with sixteen
tasks as follows:

 load: /usr/plum/lawrie/save
e set pref: /usr/plum/lawrie/images

¢ Find out how the documents in the file are re-
lated.

¢ Examine a paper in the file cabinet in more depth.
* Malke the file cabinet bigger.

o Add page 102 t0 a new drawer

o Print the drawer.

¢ Move the paper to another drawer.

¢ Print that drawer.

» Find the paper in its new location.

e Remgve a drawer.

¢ Remove the paper that you added.

s Make the file cabinet smaller.

s Find the articles written by Doug Riecken

* Look at page 63 in the magazine: what might
you remembered about this page a month later
and then try to find it based on those details.

¢ Search for the article on pages 72-76.

The main complaint of the users as shown in Fig-
ure 4 (below) was that they didn’t like trying to con-
struct a color, and they wanted to do more things with
the mouse and less with the keyboard. In general they
wanted the capability to review actions performed by
the system. Some users also would like to be able
to assign titles to pages rather then see the identifi-
cation number assigned by the file cabinet. Finally,
many expressed an interest in adding information to
what smart was already indexing to emphasize their
interest.



Characteristic People
Dislike the Color Set-up 5
More Mouse Use

List Actions

Logical Search Operators
Titles Papers

Add Keywords to Papers

N o o o

b

Figure 4: This table lists some of the reactions by the
users and how many of those 6 users had the same
reaction.

5 Discussion

We believe that the experiments show that the vir-
tual file cabinet is a usable and useful system for com-
puting and maintaining references to a library of doc-
uments contained in a physical file cabinet. Most of
the file operations are very fast, seeming nearly in-
stantaneous to the user. The experiments performed
on the ability of the file cabinet to recommend draw-
ers shows that it is this functionality can be used. The
user studies show that, although the interface design
was lacking in some areas with minor adjustments it
would facilitate use of the system. Further discussion
of the experiments follows.

-Within the performance of the file cabinet, there
are two time consuming tasks. The first is scanning
the document. This only needs to be done once for a
document, so it is believed that it would not be too
much of deterrent to using the system considering the
benefits once the document is scanned. The other is
the recommendation of a drawer when a large range
of thresholds are used, which is another feature that is
not used as often over the life of a document in the file
cabinet. These time consuming operations are offset
by the speed that searches are performed, a much more
frequent activity in the file cabinet.

Based on the results of the drawer recommendation,
the most important choice the user will make is choos-
ing a range of thresholds to find related documents.
This requires the user to have an idea about what the
purpose of the file cabinet before one begins adding
documents to it. Of course, the user can change the
range of thresholds at anytime, but documents already
filed will stay in current places. The importance of
drawers containing similar topics is to facilitate the
gathering of documents on any given topic. If all doc-
uments are found in one or two drawers it will be sim-
pler to retrieve them. For almost all articles (93%)
filed in the cabinet, no matter what thresholds were
used, at least half of the pages could be found in one
drawer.

The user studies showed that constructing a color
was very problematic. One thing is that people don't
really know which mix of colors makes the one they
are looking for so it is not very fast to have to build
each color. The second problem was that while some-
one might call a color one name, they might select
another if they were trying to match colors. For ex-
ample, a person might call a color “green” when the
computer identifies it a “yellow-green.” A selection
method would elevate this ambiguity.

Users found the “Find Results” window intimidat-
ing because all the buttons basically looked the same.
They were not easily distinguished, so people forgot
which button they had clicked. The last button clicked
should change to some other color besides the default
color, so that the user can easily tell which paper she
is looking at. -

The users wanted the scrolled text on the lower left
side to be used as a record for all actions instead of
just these involved with search. This would enable
one to keep track of all the file manipulations during
a session. :

Adding keywords to the document was a feature
that many desired. If only the first page of a paper
is scanned and added to the file cabinet, it is pos-
sible that the reason the person is filing the paper
is not discussed on the first page. It would he very
easy to append a copy of the OCRed file with the
added keywords and have smart index the new file.
The keywords could be kept with the filter data and
if in the fature, the user changed the key words, the
paper could be re-indexed by Smart. One user also
desired that his keywords be given more weight than
what appeared on the page. This might also be able
to be implemented using Smart.
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