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Abstract

The visualization of hierarchies is very important for
digital information management and presentation systems.
Especially in the context of Personal Information Manage-
ment, file browsers play a very important role. Currently
the most common file browser visualizations are Windows
Explorer and the simple zoomable visualization offered by
Microsoft Windows. This work explores the issue of file
browser visualization through a user study based on inter-
views and an experiment.

Keywords--- File browser visualization, Indented list
visualization, User study, Windows Explorer.

1. Introduction

Hierarchies have been the subject of research in the
domain of Computer Science for some time now, as they
are one of the most common and important information
structures [1]. As they are used in a wide range of applica-
tions, from file browsing to ontology management and digi-
tal library thematic categorizations, many proposed hierar-
chy visualizations have been reported, which could be
grouped in the following general categories:

Indented List, with the Microsoft Windows Explorer
(WE) as a very common example.

Node — Link Trees. These could have a top to bottom
or left to right layout and also be available in 2D, as the
SpaceTree [2] or 3D, as the Cone Tree [3].

Zoomable User Interfaces (ZUIls) allow users to
zoom in/out of specific hierarchy parts, e.g. Grokker [4, 5].

Space-Filling. Space filling techniques use the whole
of the screen space by subdividing the space available for a
node among its children, as TreeMap [6].

Context + Focus. These techniques distort the view of
the presented hierarchy to combine context and focus. Most
use hyperbolic distortion, as the StarTree [7, 8].

Despite the multitude of existing visualization meth-
ods, there are very few applications employing them and
even those are mostly addressed to specialized groups of
experts. The visualizations used for file browsing are still
the WE indented list paradigm (and its variations in Linux
and Mac operating systems) and the simple zoomable visu-
alization in existence since the creation of the first win-
dows-based environments. The indented list in particular
has been used as a baseline method in many visualization
evaluations, having the best performance in the majority of
the cases. The familiarity of users with this visualization
has been suggested as the main point for its success.

This work is an attempt to further explore the issue of
file browsing visualizations and the indented list paradigm
in particular, based on several hierarchy evaluations, an in-
terview-based user study and an experiment. The experi-
ment evaluates the performance of WE against the simple
ZUI file browser visualization in locating a specific node,
both for a known and an unknown hierarchy. Furthermore,
user browsing habits in the context of Personal Information
Management (PIM) are also explored, to provide further
insight on how to improve these two widely accepted and
used visualizations. Our current study uses only WE as an
indented list implementation, so results cannot be general-
ized, since certain features or shortcomings of the particular
implementation may have affected the outcome. A more
thorough survey, incorporating other implementations and
OSs is planned as future work.

The following section presents related work and further
explains the motivation for this work. Section 3 briefly out-
lines the results of the interview-based user study on the use
of WE. Sections 4 and 5 present the evaluation and its re-
sults respectively. Finally, section 6 concludes the paper
and outlines future work.

2. Related Work and Motivation

Browsing in hierarchies for a specific item is a com-
mon practice both in the context of web browsing and PIM.
Especially in the case of PIM, there is a well-documented



tendency of users towards browsing (as opposed to search-
ing) in order to locate a specific file in their collection. Bar-
reau and Nardi in [9] note that users overwhelmingly pre-
ferred browsing and suggest that this probably happens be-
cause it engages more actively the mind and body and im-
parts a sense of control. User preference for browsing
against searching has also been observed in [10]. However,
it is unclear from existing studies how the WE visualization
relates to browsing and what is the extent of its use.

There have been many efforts to evaluate existing hier-
archy visualization techniques and identify their strong
points and weaknesses for specific tasks. In this work we
focus on the task of finding a specific hierarchy node, the
location of which could be known or unknown to the user.

For finding a node for the first time, Plaisant et al [2]
record better performance for WE compared to the StarTree
[7, 8] hyperbolic visualization for one task, whereas for an-
other task SpaceTree [2] performed better than WE, noting
a statistically significant difference. For revisiting a node,
the study in [2] presents an analysis for two tasks, a long
one involving going from one node to another and a shorter
one, in which users had to simply return to a node. WE
proved faster than SpaceTree and StarTree for the long
task, being substantially helped by the ability to keep sev-
eral branches opened. For the shorter task, no statistically
significant differences were found.

In an evaluation of 4 ontology visualizations [12] of
the Protégé [13] ontology editor, the Class Browser, which
is an indented list visualization very similar to WE, re-
ceived very positive reactions. Many users commented the
familiarity with the visualization due to the usage of the
WE. Its average task completion times were generally bet-
ter than the ones of the other 3 visualizations, but for node
finding the performance was found to be better only com-
pared to the node — link tree visualization OntoViz.

Kobsa [11], in his evaluation of several hierarchy visu-
alizations among which the StarTree [7, 8] and TreeMap
[6], notes that WE showed a very good overall perform-
ance, both with regard to correctness, speed of task comple-
tion, and user satisfaction. He suggests that any comparison
with other systems must be viewed taking into account that
the subjects can be assumed to be highly skilled at least in
its basic functionality. On the other hand, he believes that
one should not overestimate the potential practice effects
for the other systems since all tested visualization systems
were relatively simple and the training was quite thorough.
He concludes that while at least one system achieved the
same performance as WE, none of them showed benefits
for users that went significantly beyond this baseline.

Rivadeneira and Bederson in their evaluation involving
the ZUl Grokker, its text version Grokker Text and
Vivisimo (an intended list visualization) [4], using hierar-
chies produced by clustering of keyword search results,
found no important differences regarding efficiency among
the three interfaces, although there was a strong trend: Us-
ers took an average of approximately 5 minutes to find in-
formation in Grokker, 4.5 minutes in Grokker Text and 3.5

minutes in Vivisimo. In Vivisimo, users could look at re-
sults before going to clusters. User ability to immediately
access results has proven to be an advantage for Vivisimo;
note that in the other two interfaces, the user had to navi-
gate to the lowest level before seeing a result.

The question, however, as to what extent the success of
WE is owing to user familiarity with it (since it is used for
file browsing) remains open, since one could also argue that
it is effective due to possible inherent advantages compared
to other visualizations. In [14] for example, Hierarchical
Browsing is reported to facilitate information seeking tasks
when the user is not looking for specific and already known
information. As previously mentioned, studies focused on
the use of WE for retrieval tasks in an unknown hierarchy.
It remains unclear how it compares to the simple ZUI-based
file browser when used for hierarchies very familiar to the
user. The following sections present an attempt to further
clarify these issues.

3. Preliminary Interview — based user study

As a first step, in the context of an on-going interview-
based user study which covered a wide aspect of PIM is-
sues, we investigated the use of the “search” functionality
and the WE. A series of 18 semi-structured interviews was
conducted at the places where the users work with their
computer, either their workplace or their home. They were
asked to describe the way they perform certain tasks and
organize their documents, as well as to provide examples
and common practices. They were also encouraged to
elaborate on issues that seemed to interest or preoccupy
them or that they found more important and to point out
things they would like to be or do differently. User exper-
tise and confidence with the computer, as perceived both by
the user and the interviewer were recorded. The users’ an-
swers were noted down and recorded by audio.

The study has not been focused on a particular user
group. The users interviewed so far comprise a very hetero-
geneous group with the following characteristics:

e Gender : female (14), male (4)

e Age Distribution: age 18-25 (3), age 26-33 (12),

age 34-41 (2), age 42+ (1)

e Educational Background (1st Degree): Computer
Science (7), Philosophy/History (2), Fine Arts (1),
Psychology (1), Engineering (1), Secondary Edu-
cation (1), Management (1), Physics/Mathematics
(2), Communications (1), Natural Resources (1).

The results regarding the use of the WE were really in-
teresting: From the 18 interviewed users only 2 stated that
they in fact use it. One said that she uses it always and the
other only when she does not know or remember the loca-
tion of the file she is looking for (quoting "It opens every-
thing without really opening it"). The reasons given by the
remaining 16 participants for not using WE are summarized
in Table 1.

We should elaborate here on the reasons that users
gave for not using the WE. According to them, they don’t



need it because they know where their files are, they are
confident that they remember their file structure well
enough to access their files directly through the ZUI folder
visualization. One of them added that “it is nice that it ex-
ists because it could be useful, but it has not been adver-
tised enough”. Another user thought that WE is not “cozy”
enough because it feels like “a tool you would use to organ-
ize your work files, not your personal documents”.

Reason for not using WE Participants
Do not know it exists 4

Do not find it convenient 4
Don’t need it, | know where my files are |2
Never used it, not accustomed to it 6
Table 1. Reasons why WE is not used

These results suggest that (a) WE is not as widely used as
one would expect and (b) Some users feel that it is useful
for finding a file, the location of which is unknown.

These results have led us to further investigate the per-
formance of WE as a browsing tool, both in a hierarchy
very familiar to the user and in an unknown one. We per-
formed an experiment to this end, which also lead us to
conclusions relevant to the users’ browsing patterns.

4. Evaluation Description

Our initial hypothesis was that the Indented List visu-
alization (WE) would perform better than the simple ZUI
one in the case when the user browsed for items the loca-
tion of which was not known, whereas the simple ZUI
would perform better for items the location of which was
known. In order to test this hypothesis, we performed the
evaluation described in this section. The following para-
graphs present the evaluated visualization methods, user
group, test hierarchy and evaluation method.

4.1. Evaluated Visualizations

Our aim for this experiment is to test the two visualiza-
tions in an environment familiar to the user, so as to be able
to use both visualizations with ease without training. To
this end, we used the operating system environment and its
available visualization methods.

The Indented List visualization is the one offered by
WE when the “Folders” option is active; in this case the in-
dented list appears on the left pane of the window, repre-
senting the folder hierarchy as a tree with the sub-folders
presented as a list under their parent and indented to its
right. The lists of sub-folders may be retracted or expanded
at will by clicking on their parent. The files and sub-folders
of the selected folder are displayed to the right of this visu-
alization, in a separate pane.

The ZUI visualization is represented by the common
way offered by the Windows operating system for file
browsing when the “Folders” option on the folder window
is inactive. The current hierarchy level is displayed with

each sub-folder visible either in a list or in a tiled manner. If
the user wishes to inspect the contents (sub-folders and
files) of a particular folder s/he has to double-click on that
folder so as to make it the current one. Depending on the
user preferences, a preview for documents may be dis-
played (e.g. a thumbnail of pictures, movies or graphics),
while document previews may also be embedded within the
icon corresponding to the containing folder.
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4.2. User Group

The user group for the experiment was selected in or-
der to satisfy two conditions: (a) users should have ade-
quate experience with using the computer, which should be
a result of at least two years of almost everyday use and (b)
each user should have a sufficiently large file repository
with an organized file hierarchy (more than 300 folders
with at least 3 levels of depth).

Our user group had the following characteristics:

e Gender : female (7), male (8)

e Age Distribution: 18-25 (4), 26-33 (9), 34-41 (2)

All participants were Windows XP users and had more
than 3 years of experience with using the computer.

4.3. Test Hierarchy

The folder hierarchy that was selected to be used in the
experiment was a selected part of the hierarchy of one of



the authors. It contained 1.513 folders and 15.245 files and
its depth was greater that 4 levels. Depth 4 was selected be-
cause from the preliminary interview we concluded that
most users avoid very deep hierarchies and rarely use more
than 4 levels.

Depth Files Folders
2 2 2
4 2 2

Table 2. Number and depth of items in the test hi-
erarchy that users were asked to locate

About 1500 was set as a maximum size for this evalua-
tion as it was close to the mean number of files of the basic
and high competence users interviewed in the preliminary
user study. (Low competence users did not have folder hi-
erarchies). From the selected part of the hierarchy 4 files
and 4 folders were chosen for the evaluation (Table 2).

4.4, Method

The experiment was conducted at the participant’s
home or working environment. After explaining to the par-
ticipant the evaluation procedure and asking him/her to fill
in a questionnaire relevant to his/her profile, s/he was asked
whether there was a part of the hierarchy s/he did not want
the interviewers to browse. Then s/he was asked to leave
the interviewers alone with the computer in order for them
to select the files that would be used in the retrieval tasks
during the evaluation. The evaluation proceeded with the
following steps.

4.4.1. User Hierarchy selection The first step was to
select a part of the user’s folder hierarchy to be used in the
experiment, if the hierarchy was substantially greater than
the test one (more than 1.650 folders). The selected part
should have at least 3 levels of depth and contain files re-
cently used by the participant.

4.4.2. Selection of files to be used From the selected
part of the hierarchy 4 files and 4 folders were chosen to be
used in the evaluation as shown in Table Il. When no recent
files or folders were available at level 4, level 3 was used.

In order to select recently used files the experiments
employed the “Recent Documents” feature in Windows XP,
as well as the date of last modification of the files and fold-
ers. Items with characteristic and unique names were cho-
sen, avoiding names like “test” or “temp”. Recent docu-
ments were selected at this stage to maximize the possibil-
ity that the user would actually remember the file and its
location.

4.4.3. Participant training During this step the user is
given a set of instructions on how to browse during the ex-
periment:

1. When using the Indented List, the participant is

asked not to double click on folders on the right in

order to reach the lower levels of the hierarchy but
rather to click on the sub-folders on the indented
list. This measure was taken to avoid using the in-
dented list visualization as if it were a ZUI.

2. The participant is not allowed to use a “Search”
tool during the experiment.

3. The participant was not allowed to use the explorer
bar, either to write the path directly or change the
current folder using the drop-down list.

4. The participant was instructed to think aloud dur-

ing the experiment.

The participant was allowed to use the keyboard.

6. The participant was allowed to change the view of
his/her files and folders.

7. The participant was asked not to complete a task
when feeling too frustrated or that it would be im-
possible to find the answer.

o

4.4.4. Experiment The user was asked to locate 16
items: 8 (4 files — 4 folders) located in his/her personal
folder hierarchy and 8 (4 files — 4 folders) in the hierarchy
provided by the experimenters. At the beginning of each
browsing task the user was given the name of the file or
folder to locate.

To minimize the effect of learning the folder hierarchy
or remembering the location of a requested item from a
previous search, the participant was asked to search alterna-
tively using the indented list and the ZUI and also alterna-
tively in his/her hierarchy and the test one, provided by the
experimenters.

For each task the user reactions, comments, browsing
method and steps were recorded by the experiment conduc-
tor. Errors and back-tracking were recorded too. Users were
given a 5 minute time limit for each task and their time for
task completion was also recorded. At the end of the ex-
periment users were asked to fill in a brief questionnaire
measuring their satisfaction regarding task completion time
and easiness in both hierarchies and visualizations.

4.4.5. User Browsing Method After the experiment, a
brief interview followed and the participant was asked to
demonstrate his/her own browsing method for accessing
files and folders in his/her hierarchy.

5. Evaluation Results

After the conclusion of the evaluation for the group of
15 users, the results were analyzed. During the experiment,
factors that had not been predicted were observed, which
seem to affect the results.

Firstly, although we had believed that the “Recent
Documents” feature and the modification date would be ex-
cellent indicators for locating files or folders the location of
which would be known to the user, this was not the case.
For about 17% of the retrieval tasks assigned to them in
their own hierarchy, the users did not seem to remember the
exact location of the item they were looking for. For 75%



of these tasks they did not remember at all where the
file/folder could be whereas for the 25% they remembered
the general location, i.e. an ancestor folder of the requested
item, and they had to browse inside in order to locate it.

These results indicate that even the most organized us-
ers may have problems refinding a file or folder, when this
is requested suddenly and out of context. As to the use of
WE, in this user group only 4 users reported that they use
the WE and only 1 of them always does; this result is in line
with the findings of our preliminary study. Table 3 presents
the reasons the participants gave for this choice, further
elaborating the results illustrated in table 1.

Use of WE | Users | Reason for this choice
Always (1) 1 Habit and Ease of Use
2 To see other disk parti-

Sometimes tions/network locations
3) 1 When | don’t know the precise
location of the file/folder
2 It’s a waste of space
3 It is tiring and confusing
Never (11) 2 | don’t need it because | know

where my files are
4 Never tried it
Table 3. Study results on the use of WE

Users that presented “waste of space” as a reason
probably also in reality found it confusing because we
noted that even though the WE was not visible, the same
area was occupied by a “Details” pane. On the other hand,
the only participant that uses WE noted that she does not
like the “Details” pane in the ZUI visualization that occu-
pies the same space with WE and this is one of the reasons
she prefers the WE.

It is interesting that 2 of the users that never use WE,
stated that they use its equivalent in Linux, an indented list
visualization that presents hierarchically folders but also
files in the same pane. Another user noted that WE does not
offer an effective overview in case folders with many chil-
dren are open and a scrollbar appears.

5.1. Results of the Statistical Analysis

We perform non-parametric Mann-Whitney tests on
various groups of the measured times for evaluation re-
trieval tasks. Our hypothesis did not seem to be verified by
these results, as shown in Table 4. Total mean times for WE
and ZUI are almost the same and no difference was noted in
either hierarchy (user and test).

Mean times for folder retrieval were better than those
for files but again there is no statistically important differ-
ence. However, this result indicates that files in general are
more difficult to locate than folders. This is probably due to
the fact that users pay more attention to the naming of fold-
ers than of files, as folders constitute conceptual categories
in their file organization. Finally, the number of folders is

considerably smaller than the number of files, and this can
also be an important reason.

Another interesting result was that significant differ-
ence was indeed noted for files/folders located at the 2™
and at the 4™ level both in both hierarchies. This fact proves
a difficulty for users to browse deep hierarchies and can
explain the user tendency to avoid creating deep hierarchies
(9 out of the 15 participants reported few or no folders at a
level greater than 3).

Mean |Std Asymp. Sig.

ZUlI 46.3 61
WE 47.9 63.1
User Hierarchy 29.84 |38.7 <10°
Test Hierarchy 67.8 76.8
Files 50.7 60.43 0.09
Folders 43.7 63.34
User Hier- | ZUI 31 442
archy WE 287 [32.8
Test Hier- | ZUI 66.6 73.8
archy WE 68.7 |79.8
User Hier- |Level 4 |35.4 40.2 <102
archy Level 2 |24.7 |36.9
Test Hier- |Level 4 |101.37 |85.9 <10°
archy Level 2 (43.81 [59.7

ZUlI 45.6 71.3
Folders WE m 564
Files ZUlI 46.3 48.8

WE 55.1 70.4

Table 4. Statistical Analysis of measured times

Mean times for file and folder retrieval with the ZUI
and WE are not significantly different, but it seems WE has
a slightly better performance for folders and slightly worse
for files. These mean times agree with a problem some us-
ers had during the experiment when looking for files: they
had to switch their attention back and forth from the WE
pane to the right where the files of the selected folder were
presented. At some points when looking for a file they got
distracted and browsed the WE pane without paying atten-
tion to files on the right.

The study of failure in retrieval or cessation of the task
may also lead to several conclusions. As shown in Table 5,
tasks that were left incomplete for both aforementioned rea-
sons concerned retrieval of a file/folder located at level 4.
The percentage of such failures is particularly large (almost
91%). Furthermore, it seems that there were no failures for
the user hierarchy and level 2. For the test hierarchy, the
ZUI interface seems to result in more failures (100% for
level 2 and 71.43% for Level 4). For the user hierarchy and
level 4, 66.67% of the failures concerned WE. This result
may in fact support our initial hypothesis concerning the
advantages of WE for browsing unknown hierarchies in
comparison to the ZUI one.



It should be noted that although we believed that the
familiarity of participants with the Windows GUI would be
enough to ensure competence with the use of WE, this was
not the case. Only high competence participants used WE
efficiently. Some of the less experienced ones had several
problems with it, like not recognizing that only folders with
a small cross on their left have children, or that only a sin-
gle click is enough to expand the sub-hierarchy of the
folder. We believe that this is another important factor that
has influenced our results.
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Table 5. Percentages of task completion failure
and quitting for the various retrieval tasks.

5.2. User Suggestions

Two users thought that it would be useful to be able to
see if a folder has sub-folders without having to open it.
One of them also suggested showing a preview of its con-
tents on “mouse over”. He also proposed color-coding in
WE in order to be able to recognize immediately the parent
folder of a specific folder. These suggestions according to
the user would be useful to him as he has a wrist problem
and minimizing unnecessary moves during browsing would
be very important to him. Another user suggested that an
alternative file system that would make multiple categoriza-
tion or file tagging possible would be desirable.

6. Conclusions and Future Work

Although the statistical analysis of the experiment re-
sults does not directly support our hypothesis, the study of
WE and the simple Windows ZUI visualization has pro-
vided useful insight concerning these two common visuali-
zations. The degree of organization of personal information
has a great impact on the use of folder hierarchy visualiza-
tions on information retrieval. None of the users stated
100% satisfaction with the organization of their files.

We had almost no WE users. This finding will be fur-
ther investigated by conducting a large scale (possibly

online) survey on the issue. This result probably means that
familiarity with the indented list visualization is not a result
of the WE use. Perhaps user familiarity results from the use
in other applications or it is “natural” to the user.

We also plan to investigate the implementations of hi-
erarchical browsers in other operating systems like Mac OS
X and Linux. This will provide more generic results regard-
ing the indented list paradigm, since current results may
have been affected by certain features or shortcomings of
WE. Incorporating a larger number of participants is also
planned to obtain better statistical confidence, particularly
for groups of users which are currently underrepresented
(e.g. WE users).
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