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ABSTRACT used, the interface presentation and the folder depth. Our

Folder navigation is the main way that computer users
retrieve their personal files. However we know surprisingly
little about navigation, particularly about how it is affected
by the operating system used, the interface presentation and
the folder structure. To investigate this, we asked 289
participants to retrieve 1,109 of their own active files. We
analyzed the 4,948 resulting retrieval steps, i.e. moves
through the hierarchical folder tree. Results show: (a)
significant differences in overall retrieval time between PC
and Mac that arise from different organizational strategies
rather than interface design; (b) the default Windows
presentation is suboptimal — if changed, retrieval time could
be reduced substantially and (c) contrary to our
expectations, folder depth did not affect step duration. We
discuss possible reasons for these results and suggest
directions for future research.
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INTRODUCTION

Most information retrieval research has focused on public
data sources such as databases, libraries and the web,
developing various theories and methods for retrieving such
public information. Yet we all retrieve our personal files
many times a day, predominantly using navigation.
Personal file navigation (navigation for short) is a two-
phase process [3]. First, users manually traverse their
organizational hierarchy until they reach the folder in which
the target file is stored. Second, they locate the file within
that folder. Surprisingly little is known about this process;
more specifically, how it is affected by the operating system
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large scale quantitative study aims to deepen our
understanding of navigation.

Industrial and research efforts have predominantly focused
on search when addressing personal information retrieval.
Much novel desktop search technology has been developed
over the last few years; e.g., Google Desktop, Microsoft
Windows Search, and Macintosh Spotlight. According to its
advocates, desktop search promises to minimize users’
organizational problems. Search reduces the need to
manually organize personal information, which is
automatically indexed by the search engine. Search has
other potential advantages: it allows flexible and efficient
ways to query one’s personal information [6, 13]. Despite
its promise, however, various studies still show a strong
preference for navigation over search for accessing personal
information when both are available [1, 5, 12, 15].
Moreover, the use of improved search engines has been
shown to have little effect on this preference [3]. Bergman
et al. [3] show that regardless of search engine quality, there
is a strong preference for navigation.

It therefore seems that manual file organization and
navigation remain  critical  Personal  Information
Management (PIM) behaviors that demand further study.
While previous studies have looked at how we manually
organize personal files [2, 7-12], less attention has been
paid to retrieval; i.e., how people exploit these structures to
access that information. To better understand navigation,
we therefore conducted a large scale study testing for the
effect of folder structure on file navigation [4]. In that
study, we found folder structures to be shallow (files were
retrieved from a mean depth of 2.86 folders), with small
folders (a mean of 11.82 files per folder) containing many
subfolders (M = 10.64). Navigation was largely successful
and efficient with participants successfully accessing 94%
of their files and taking, on average, 14.76 seconds to do so.
Retrieval time and success depended on folder size and
depth, indicating shallow but broad structures to be
adaptive. Finally, a linear regression model identified an
optimization point in this trade-off, leading us to
recommend that users avoid storing more than 21 files per
folder and create an additional level of subfolders instead.



However, there are still fundamental questions that can be
asked about navigation, namely: does the operating system
affect navigation — do Mac users navigate to files more
quickly than PC wusers? There are also questions of
presentation. There are multiple ways to present file
information in a folder, e.g. details, icons, list, thumbnails,
etc. Windows 7 currently presents the details view by
default, but is this optimal for navigation in terms of
retrieval time? Finally, in our earlier study, we did not test
the effect of folder depth on step duration; i.e., the time it
takes to navigate a single step down the folder tree. We
assumed that folders that are higher in the file hierarchy
would be retrieved more quickly because of greater
familiarity. Higher levels should be more familiar because
they are accessed more often. But is there empirical
evidence for this assumption?

To the best of our knowledge, the effect of OS,

presentation, and familiarity on file navigation have never

been evaluated. In what follows, we report a large-scale

study where our research questions were:

1. Does the operating system type affect retrieval success
and retrieval time?

2. Does the folder’s visual presentation affect retrieval
time? If so, which of the views leads to shorter retrieval

times?
3. Does folder depth affect step duration?
METHOD

To increase external validity, we collected data from large
numbers of users who retrieved their own files on their
computers. The requirement for lightweight, non-intrusive
data collection led us to a procedure in which we recruited
users and videotaped their screens as they accessed personal
files from their own computers. We did not install software
on people’s machines to record organization and retrieval
behaviors. Installation is error prone, and pilot interviews
showed that users were concerned about its intrusiveness
and potential implications for their privacy.

Research shows that users tend to access recent information
items most frequently, regardless of whether these are files,
web pages or emails [8-10]. We therefore videotaped
participants navigating to files in their Recent Documents
list; i.e., personal files that they had recently spontaneously
retrieved and opened from their own computers, as part of
their everyday computer use. There are a number of other
important benefits to this approach. Focusing on recent files
meant that users were trying to access files that we were
confident were present on their disks and that were
definitely retrievable by the user. It also allowed us to
identify active files without having to manipulate or access
participants’ file systems, avoiding encroaching on their
privacy.

Participants

Participants were 289 everyday computer users: 158 males,
131 females. The majority of participants were students and
employees at a UK university. Participants’ ages ranged
from 16 to 64 years (M = 26.44, SD = 9.63). The majority

of participants were Windows OS users (246: 181 XP, 62
Vista, 3 Windows 2000) and 43 used a Mac OS X operating
system. We excluded 7 Linux users because their small
number did not allow for reliable statistical comparisons.

Procedure

Participants used their own computers for the retrieval task.
The tester printed out the participants’ Recent Documents
list, asking them to navigate to each file (the target) in that
list in order. Participants were asked to click on the target
file once but not open it. We did this to preserve users’
privacy as target files might contain sensitive information.
Participants were asked to close all open folders before
each navigation task, so that all retrievals started from the
desktop. Participants were asked to skip a file in the list if
they had already navigated to that target folder during a
previous access task. We did this to prevent access to these
items being primed because that folder had already been
accessed. We asked our participants to access only files
saved on their computer and to avoid retrieving files on
external drives and email attachments that hadn’t been
saved as files on their hard drive.

Retrievals and Time Measurements

Our study includes 1,109 valid retrievals. Of the initial set
of 1,158 recorded retrievals, we excluded 4%, mostly
because they were interrupted by external events such as
phone calls or instant messenger alerts. Recordings of user
interactions were made using a high definition digital video
camera (with 1,080 horizontal scan lines) with a fixed rate
of 25 frames per second, making each frame 40
milliseconds (0.04 seconds) long. We measured retrieval
time by manually analyzing the videos frame-by-frame.

Retrieval Time was measured from the first mouse
movement made by a participant in the navigation, until the
moment when participants either clicked on the target file
(in successful retrievals) or announced that they could not
find it (indicating retrieval failure).

Step Duration — We use the term ‘step’ for each folder
opened in the navigation process. Altogether, we measured
4,948 steps. Step duration was measured from the time a
folder was opened until the time the user: (a) clicked on a
subfolder to continue the navigation sequence, (b) reverted
to a parent folder (if the relevant item was not found), (c)
clicked on the target file, or (d) said, “I give up.” Because
step duration distribution was not normally distributed, we
normalized it to Z scores for all statistical tests.

RESULTS

Does the operating system type affect retrieval success and
retrieval time?

Table 1 shows the effect of operating system on retrieval
success and time. A Mann-Whitney test showed no
significant differences regarding retrieval success (row a);
however, an independent sample t test indicates that Mac
retrievals were significantly faster than PC retrievals (row
b). As Table 1 shows, this difference cannot be explained
by a difference in step duration (as no significant difference



was found in the step duration t test. See row c). Instead,
this difference in retrieval time seems to be the result of
different organizational strategies. Row d shows that Mac
users stored their target files higher in the hierarchical tree
than PC users. Mac users also had smaller folders (row ¢)
containing more subfolders (row f). Our previous research
[4] showed that folder depth and size are positively
correlated with retrieval time. Therefore, it seems that Mac
users use a slightly different storage strategy: keeping their
folders shallower and smaller than PC users, and
compensating for that with broader hierarchies.

Details to Icons, we might expect a reduction in average
file retrieval time of 41%.

No. of steps Step duration — M
tested (SD)

MS Icons 874 2.6 sec. (3.22 sec.)
MS Tiles 1,620 3.13 sec. (4.16 sec.)
MS List 313 3.21 sec. (4.73 sec.)
MS Details 609 4.38 sec. (8.88 sec.)
MS Thumbnails 345 5.45 sec. (7.91 sec.)
MS FilmStrip 37 5.5 sec. (5.38 sec.)
Mac Icons 229 2.22 sec. (2.01 sec.)
Mac List 123 3.57sec. (3.71 sec.)
Mac Columns 59 3.81 sec. (4.53 sec.)

PC Mac Statistical
N=246, 980 | N=43, 129 Test
retrievals, retrievals,
4,469 steps 479 steps
a. Success 93% 96% U=1.17
rate p>0.05
b. Retrieval 17.27 12.56 t(1107)=3.15,
time (16.23) (13.61) p<0.001**
c. Step 3.3 3.13 t(4945)=.67,
duration (5.26) 4) p=0.5
d. Folder 2.93 2.35 t(1030)=3.26,
depth (1.87) (1.63) p<0.001**
e. Folder 25.05 19.04 t(3907)=2.24,
Size (52.3) (29.59) p<0.001**
f. # of 8.85 10.73 t(2614)=1.97,
subfolders 15.67 40.42 p<0.05%*

Table 1: The effect of OS on success rate, retrieval time, step
duration, folder depth, folder size and number of subfolders in
folder, showing Means and (Standard Deviations).

Does the folder’s visual presentation affect retrieval time?
If so, which view leads to shorter retrieval times?

There were 9 possible visual presentations of participant
folders: 6 for Windows (Tiles, Icons, Details, Thumbnails,
List and FilmStrip) and 3 for Mac (Icons, List and
Columns). For a total of 4,209 steps, we were able to
determine the visual presentation from the videos. Table 2
shows the effect of visual presentation on retrieval time.

Two one-way ANOVAs show a significant difference
between the presentation groups for both PC F(5,3792) =
19.08, p<0.001 and Mac F(2,408)=11.24, p<0.001. Table 2
shows that Icons is the view that leads to the fastest step
durations for both PC and Mac groups of presentation
types. To test whether Icons led to significantly shorter step
durations than the Windows default view (which was Tiles
in Windows XP and Details in Windows 7), we conducted
post hoc LSD tests. Both LSD comparisons were significant
(and could not be explained by a difference in folder size or
folder depth). On average, steps that used the Icons view
instead of the Details view were 1.78 seconds faster. This
means that if Microsoft were to change its default from

Table 2: The effect of visual presentation on step duration.

Does folder depth affect step duration?

It is well known in cognitive psychology and HCI that
familiarity reduces performance time [14], so we expected
folder depth to increase step duration. Shallower folders
should be more familiar as they are accessed more often.
With an average of 10 subfolders in each folder, we can
estimate that almost 100% of navigations pass through the
main repository (e.g., My Documents), 10% pass through
each of its subfolders, 1% of navigations involve its sub-
subfolders, etc. To test this question, we conducted a
regression analysis. Our data showed that step duration is
positively correlated with folder size and folder size tends
to decrease with depth [4]. We therefore partialled out the
size effect using a stepwise regression. Results of the
regression model (R*= 0.09, p<0.01) show that folder depth
did not significantly affect step duration when the effect of
size was partialled out (see Table 3).

Factor Coefficient SE t D

Constant 2.05 0.07 27.61 <0.01
Size 0.03 0.002 16.78 <0.01
Depth 0.009 0.006 1.54 >0.05

Table 3: Regression model using size and depth to predict step
duration.

DISCUSSION AND CONCLUSIONS

The results of our large-scale study are threefold:

(a) Mac users retrieve their files significantly faster than
PC users. This difference seems to arise from the fact
that Mac users deploy more sophisticated
organizational strategies. Unlike PC users, they keep
their files closer to the root directory by using small
folders that branch sideways with a higher percentage
of subfolders. The reasons for this behavioral




difference between PC and Mac users should be
investigated in future research.

(b) Visual folder presentation affects the time it takes users
to complete a step. The Icons view led to significantly
faster retrieval than Details, which is currently the
Windows default view. Our results indicate that
changing the Windows default from Details to Icons
would reduce retrieval time by 41%. However, there
may be other usability considerations, e.g., the Details
view adds information about the files and allows
effortless transformation to chronological sorting.

(¢) Folder depth had no effect on step duration, after
partialling out the effect of folder size. This is a rather
surprising result. A possible explanation is a ceiling
effect (as these files were taken from the Recent
Documents list making their retrieval paths highly
primed). A more interesting possibility is that users see
navigation paths as single conceptual entity, rather than
consisting of a combination of elements broken down
into each of the folders along the paths. This may be
similar to physical navigation in which some (typically
new) paths are remembered as a combination of
turning points, while other (typically more familiar)
paths may be remembered as a single entity (e.g. “the
way home”). Future research could test whether file
navigation involves a step-wise cognitive process ("OK
I got this far, where to now?") or a holistic one, where
the entire path is viewed as a single entity.

We also wanted to test for the effect of sorting on step
durations; however, in only 2% of the steps was the sorting
changed from the default alphabetical one, which was not
enough for a valid statistical comparison.

Directions for future research include investigation of the
effect of file presentation on step duration in a laboratory
setting, tracking both eye and mouse movements.
Controlled research involving eye tracking could
investigate why some presentations lead to shorter duration
time by manipulating file icon size, spatial order and the
details of information added to them. These studies could in
turn lead to informed design of new presentations with
shorter retrieval time. Other research could investigate the
effect of screen size on retrieval time. In our own work, we
intend to further investigate the familiarity result by
controlling folder familiarity, or using independent methods
to measure it.
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