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Abstract

In a focus+context visualization, one often finds it difficult to overlay focus information on top of a dense visual
context. This work is motivated by a need for visualizing search results (i.e., focus) in relation to a treemap
representation of a large file system (i.e., context). We thus consider that the focus consists of a collection of visual
objects discretely-distributed over a background featuring dense context information. The conventional approach
for showing such objects in focus is to use colored dots, which can encode limited information and may be difficult
to discern from the context background. In this paper, we report a study on three alternative approaches, namely
(a) cyclically-animated dot, (b) static glyph and (c) cyclically-animated glyph. We conducted a focus group study
for qualitative evaluation and found that cyclically-animated dots and static glyphs are the preferred alternatives.
While fine tuning cyclic animation is feasible, cyclically-animated glyphs do not offer an attractive solution in

general.

1. Introduction

This paper is concerned with focus+context visualization.
In particular we address a requirement for displaying a col-
lection of small objects (as the focus) discretely distributed
on top of a dense visual representation (as the context).
Many visual representations, such as treemaps [JS91], pixel-
based visualizations [Kei0O] and images, make highly cost-
effective use of space in conveying complex information.
However, when these representations are used to depict con-
textual information in a focus+context visualization, it is dif-
ficult to overlay focal information on top of the context while
facilitating an efficient visual search.

For example, Fig. 1 shows a zoomed-in view of a treemap
that represents part of a GNU/Linux file system. In many
situations, it is useful to display search results (i.e., focus)
in conjunction with their distribution in the file system (i.e.,
context). Such a visualization can help users determine if
search criteria were set correctly or if the search has resulted
in any unexpected outcomes. From Fig. 1(a), we can observe
that when the search results are displayed as static colored
dots against a treemap background, it is not easy to identify
these dots. With the rapid growth of storage capacity due to
many factors (e.g., low cost disks, distributed file systems,
data repositories), the level of difficulties in, and the required
effort for, searching files will likely increase. It is therefore
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becoming highly desirable to provide a search interface with
effective focus+context visualization.

In this paper, we report a multi-faceted study on several
visualization solutions for displaying a collection of small
objects discretely distributed on top of a dense visual rep-
resentation. In particular, we have concentrated on the sce-
nario of searching within a large file system, partly because
the study was motivated by a software engineering project
for developing a search tool for a large scale distributed
file system, and partly because file searching provides em-
pirical studies with an intuitive case study that most, if not
all, participants can appreciate. Perceptually, discerning dots
from a treemap is challenging due to many factors, includ-
ing dot size, change blindness, and selective and divided at-
tention [BAHV94, SRO5, Ren02]. Hence, one may consider
several alternatives to the static dots in Fig. 1(a), e.g., using
large dots or animating the dots. The approach of increas-
ing dot size provides a further option for encoding more
file attributes using multivariate glyphs. One possible ben-
efit that a multivariate glyph may bring is the provision of
an intermediate level of detail between a dot and its detailed
attributes, which are displayed in a popup window activated
by hovering over the device over the dot. Viewing a coarse
depiction of file attributes may facilitate fast elimination of
incorrectly returned search results, and reduction of the need
for hovering over every dot (or glyph) to inspect its details.
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Figure 1: The results of a search in a file system can be represented by a focus+context visualization, where the context is the
file system shown as a treemap and focus is the collection of the files found. (a) The conventional depiction of search results as
static colored-dots can present some difficulties in visual search. Animating these dots may make the focus standing out from
the context. (b) Multivariate glyphs may be used to encode more file attributes than dots, but may introduce more occlusion of
the context. (c) Cyclically-animated glyphs may facilitate visual search and attribute encoding, but may affect the perception of

attributes or cause irritation.

However, when using multivariate glyphs to depict search re-
sults as shown in Fig. 1(b), the focus information may some-
times cause serious occlusion of the context information.
Naturally, this leads to design option of animating glyphs
cyclically as shown in Fig. 1(c). Such glyphs are referred to
as cyclically animated glyphs (CAG).

Our multi-faceted study thereby examined three alterna-
tives to static dots, namely (a) cyclically-animated dots, (b)
static glyphs, (c) cyclically-animated glyphs. Our theoretical
rationales for considering cyclic animation and multivariate
glyphs include:

e Animated motion, especially the onset of a motion, cap-
tures attention (e.g., [PRGA10, AC03]). Motion pop-out
effects have been observed in infants as young as 4.5
months old [Dan05]. “Visual search for a moving tar-
get among stationary distractors is more efficient than
searching for a stationary target among moving distrac-
tors” [Ros99]. All these suggest that motion vs. static can
provide focus and context information with different lev-
els of attention stimulation.

e The human visual system and memory system allow us
to capture multiple pieces of information displayed in an
alternating manner at the same location. It is widely ac-
cepted that information about a visual stimulus remains in
the sensory memory for up to one second [Bad66], and in
working memory between 15-30 seconds [PP59]. If atten-
tively rehearsed and exercised (common in visualization),
the retention of information within working memory can
increase. If multiple data attributes are integrated into a vi-
sual representation (e.g., a multivariate glyph), then work-
ing memory may hold still more information [Mil56].
This suggests that it is feasible to use cyclic animation
to address the problem of occlusion as viewers are able
to perceive both focus and context information, while the
cyclic nature allows the visualization to remain effective
as a tool of external memorization.

e Although animation may not always be effective in visu-
alization (e.g., [RFF*08,Fis10]), the primary use of cyclic

animation considered in this study is not for conveying in-
formation, but rather for capturing attention, and resolv-
ing or reducing the problem of occlusion. Hence it is pos-
sible that cyclically animated dots and glyphs may not
suffer from the conventional drawbacks associated with
animation in visualization, such as lack of external mem-
orization capability, inaccuracy in motion perception and
motion comparison, and poor pop-out effects in motion
vs. motion comparison.

However, these theoretical rationales may not guarantee
that any of the three alternative approaches will offer effec-
tive visualization. In particular, glyph-based visualization in-
evitably adds an additional burden upon users as there is the
need to learn and memorize glyph encoding in order to ben-
efit from the use of multivariate glyphs. Therefore an empir-
ical study was conducted in the form of a focus group com-
prising a short survey followed by an open discussion. The
rationale for choosing this qualitative format is that it allows
us to explore the possible merits and demerits of the three
alternatives from different aspects, which would be difficult
were a task-based quantitative experiment conducted.

The empirical study enabled us to gain several new in-
sights. Firstly, all three alternatives can stimulate more atten-
tion in viewing search results overlaid on top of a treemap.
Secondly, it is still feasible to perceive different attribute val-
ues even when a glyph is animated cyclically. Thirdly, partic-
ipants preferred cyclically-animated dots and static glyphs,
while most found cyclically-animated glyphs somehow ir-
ritating. Finally, participants expressed a fair level of will-
ingness to learn and memorize glyph encoding, and many
showed their capability of understanding a given encoding
with little effort.

2. Related Work

Our work builds on research in the areas of treemaps, search
results, and glyph-based visualization. We therefore briefly
review the related work in these areas.
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Treemaps. The concept of a treemap was proposed by
Shneiderman [JS91], initially for visualizing the space uti-
lization of a hard drive. Since then, the use of treemaps
has been extended to almost any data with a hierarchical
organization. Treemaps and pixel-based visualization share
a similar dense appearance and pixel-based visualizations
can also be regarded as a special case of a treemap. Keim
provided a comprehensive survey of pixel-based visualiza-
tion [Kei00]. Oelke et al. proposed a number of methods for
boosting some focus information in a pixel-based visualiza-
tion [OJS*11].

Glyphs. Glyphs are visual entities composed of several vi-
sual channels representing multivariate attributes. Glyph de-
signs tend to be largely influenced by particular applica-
tion domains and tasks. Here, we mainly review the glyph-
based visualization techniques relevant to information vi-
sualization. Ward [War(02] classified different glyph plac-
ing strategies, proposing rules for their usage and noted
several bias issues in the context of information visu-
alization. He proposed a perceptually-aware process of
glyph generation via the mapping of data attributes to
visual channels in [WOO08]. Yang et al. meanwhile pro-
posed Value and Relation (VaR) for visualizing multidi-
mensional large data sets [YHW™07]. In information visu-
alization, ring-shaped glyphs and radial mapping are com-
mon [HLNW11]. Further techniques on radial methods for
information visualization were surveyed by Darper et al.
[DLRO9]. A comprehensive review of glyph-based visual-
ization for spatial multivariate medical data is proposed in
[ROP11]. Glyph-based visualization has also been applied
in a wide range of domain specific data and tasks such
as medicine [MSZB10, KW06, ZPB09], software [CE98],
text [RSE98], literature [ARLC*13, Che06], computation
[WPL96], scientific visualization [HLNW11,FH09], geovi-
sualization [KJC*09,FS04, Ber83], sports [LCP*12], sensor
data [BMJK09,ZFHO08], and biology [MRSS* 12, MRS*09].

Search Results Visualization. Here we present fo-
cus+context and glyph-based techniques applied to informa-
tion search result visualization. xFind [ASL*01] was devel-
oped to display search results as a ranked list as well as
a scatter plot. Roberts er al. used glyph to visualize web
search results [RBR02]. Hoeber and Xue [HY06] developed
HotMap and Concept Highlighter to show search results as
two levels of detail: an overview of the top 100 documents,
and a detailed view of 20-25 documents at a time. They also
discussed how these views support the visual query of web
search results. Chau [Chall] proposed a glyph based on a
flower metaphor to visualize web search results.

Animation in Visualization. The effectiveness of anima-
tion in visualization has been a debatable subject. In general,
most agree that animation is an effective tool to aid learning
and story telling (e.g., for explaining algorithms [TMBHO02],
or volume visualization [WHO7]). Pritzkau et al. used ani-
mation for the visual boosting of scatter plots [PB10]. Far-
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Figure 2: The system architecture as used in our case study.

rugia and Quigley [FQ11] used animation for visualizing
temporal graphs. Robertson applied animation for present-
ing trends in multivariate data [RFF*08]. Ware and Bobrow
[WBO06] used animation in motion coding for patterns.

3. Scenario: Search in File Systems

The capacities of file systems are increasing rapidly, along
with the growing activities that rely on data sharing and
data repositories. Searching files, especially among unfamil-
iar volumes of files created by others (e.g., collaboration
partners, subcontractors, etc.), is not a trivial task. Over the
past decade, many operating systems have been equipped
with advanced search indexing facilities (such as Spotlight
on OS X and Zeitgeist or Catfish on Ubuntu GNU/Linux)
to alleviate some of the difficulties of search files. However,
file searching is a complex cognitive process, and its per-
formance depends on numerous factors, many of which re-
side with the human users. Hence, no search technique can
be guaranteed to find all files when the users are unsure of
exactly what files they are looking for and how to correctly
specify the search criteria. A file search is often a explorative
process during which the users often progressively refine the
search criteria by observing and learning from errors in the
earlier search results. However, operating systems typically
present search results in a list or tabular view, which is usu-
ally accompanied by a sorting mechanism. One shortcoming
of a list or tabular view is the lack of contextual information.
It is often difficult to have an overview about how search
results are distributed across different parts of the file sys-
tem, and difficult to build a mental model about the storage
structure around each search results, the clustering patterns
among search results, or the relationships between different
search result. Without such contextual information, it is dif-
ficult to judge whether a search is successful or not, or how
to refine search specification.

Treemaps were introduced to visualize file system data
[JS91]. They provide a compact display of directory hierar-
chy, allowing additional visual encoding of one or two file
attributes such as size and type. It can offer a cost-effective
means of displaying the contextual information for a set of
search results.

In this work, we consider situations that involve a rela-
tively large file system, where files may be distributed across
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different locations on a network. The file system is shared
by many users, and contains a large volume of files at a
scale (e.g., petabyte or exabyte) well beyond that of an or-
dinary desktop computer. Many practical working environ-
ments feature such file systems nowadays. Some users, such
as an adminstratctor of a large project team or a data archivist
in an organization, have to perform such file system searches
frequently. Because of the large number of files in such a file
system, it is not feasible to depict every file in a treemap.
We therefore expect a treemap to show only 3-5 levels of the
hierachy rather than showing the complete recursion. Most
treemap elements will be folders rather than files. Hence a
file found by a search may not be mapped directly to an
individual treemap element. Most likely, it is displayed as
an object on a treemap element, which is interpreted as a
“file inside this parent, grandparent or ancestor folder”. It
is relatively trivial to provide these objects with “details on
demand”, for instance, by opening a popup window when
the pointer is hovering over an object. This in effect is a fo-
cus+context visualization, with search results as the focus,
and the treemap representation of a file system as the con-
text. As discussed in Section 1, the objects that represent
search results may be displayed as static dots, cyclically -
animated dots, static glyphs and cyclically-animated glyphs.

The development of such focus+context visualisation for
file searches was motivated by the development of a search
engine for very large file system. This search engine op-
timizes the speed of each search by building a cache of
the files that are most relevant to each search specifica-
tion. As illustrated in Fig. 2, the system has four main
functional modules, namely user interface, search history
database, crawlers, and ontologies. Users enter the search
query through the user interface. The returned search result
consists of metadata information of the files found.

The queries performed by the users are stored in the his-
tory database and used by the crawlers while building the
cache. Each crawler is an agent that scans through the file
system in an automated manner at predefined scheduled in-
tervals, and fetches the information about the most relevant
documents based on history database. The ontologies store
various relationships among file attributes and terms. The
details of this search engine are not the focus of this work.
However, because this search engine relies on cached search
results to a large extent, it is necessary to provide an effec-
tive means for users to observe the search results. Should the
cached search results be unsatisfactory, the users can invoke
a more detailed full-scale search, though given the size of the
search across multiple disks across multiple servers, such a
search could take several hours.

4. Visual Mapping of Glyphs

The glyphs in our system are composed of several vi-
sual channels presenting the multivariate attributes asso-
ciated with the EXT4 file system data. In an EXT4 file

system, the star structure contains the inode information
and stores 13 different attributes related to a file. Encod-
ing these 13 attributes in a single glyph posed a significant
challenge, mainly because (a) it requires a high pixel res-
olution to encode all attributes; (b) visual channels would
lose their discriminating capacity under low-resolution con-
ditions; (c) the visual context is dense, and (d) the time at-
tribute (time_t) contains multiple components: time and cal-
endar date; hence, two different visual channels are required
to encode each time attribute.

We began our design activities with a series of brain-
storming meetings. In these meetings, we identified the most
commonly-used file attributes: type, size, time, date and pro-
tection mode. We produced a table consisting of several op-
tional visual channels for each file attribute. After several
iterations, a suitable option for each file attribute was iden-
tified on the basis of occlusion, clarity, visual separation,
metaphoric abstraction for aiding learning and remember-
ing, and encoding costs in terms of scalability. A schematic
diagram of our final glyph design is shown in Fig. 3.

File type. Both color hue and shape are effective visual
channels for categorical attributes. We considered shape as
a visual channel for mapping the file types. However, there
is a strong interdependence between shape and size. When
the available display size is small, the number of discrim-
inable variations for shapes becomes small. File types are
thus represented as saturated colors on a five-pixel dot. We
adapted the file categorization and color-coding scheme of
GNU/Linux, and divided files into n categories, each is as-
signed to a light color (assuming a dark background). By de-
fault, we have 8 categories of files. Both the categorization
and color mapping can be modified by users.

Size. The file size is a numerical attribute. We considered
several design options, including the area of a shape, and
length of an arch. However, a file system consists of di-
verse varieties of different sized files. The same visual chan-
nel cannot support discriminable variations at the gigabyte
level as well as the kilobyte level. We thus divided a value of
file size into four components, 0-999 bytes, 0-999 kB, 0-999
MB, 0-999 GB. Each component is shown as a pale yellow
pie segment at one of the four quadrants of the glyph. This
enables users to focus selectively on a specific quadrant, for
instance, in searching for a specific range of sizes, or for
comparing file sizes indicated by different glyphs. For file
size of a TB or above, we replace each yellow segment with
a red segment, such that TB in place of bytes, PB in place of
KB, EB in place of MB and ZB in place of GB. The radius
of the pie segment is 40 pixels and the spanning angle is 70°.

Time. The clock metaphor is a natural choice for encod-
ing the time attribute. We explored several designs of the
metaphor based on a pointer moving around a circular ob-
ject. In order to cover the range of [00:00:00, 23:59:59], we
used a spiral to facilitate the 720° rotation of the pointer. Be-
cause it is not intuitive to determine which half of the range
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Figure 3: File attribute glyph. Four different parameters
(type, size, date and time) are encoded into the glyph.

the inner (or outer) circular segment represents, we added a
metaphoric color map. As shown is Fig. 3, the continuous
colormap features black, orange, yellow and cyan at the 0,
6, 12, 18 hour positions, symbolizing night, morning, noon
and afternoon respectively. The combination of spiral loca-
tion and color symbolism provides a dual visual encoding of
time for fault tolerance in perception. The largest and small-
est diameter of the spiral is 38 and 30 pixels respectively.

Date. The date attribute in a file system is normally dis-
played in text using one of the international or regional for-
mats (e.2., YYYY-MM-DD). In the context of file searching,
it is more useful to encode the age of a file, i.e., the interval
between the date of searching and the record date of creation
(or last modified/accessed). The main challenge in visually
encoding the date attribute is the large range of values, and
different search tasks usually focus on a specific range. We
thus adopted a design concept similar to that for size. We
divided file ages into four categories: day, month, year and
decade. A translucent grey ring of 40 pixels in diameter is
divided in four quadrants. The first quadrant represents the
range of 0-31 days, the second 0-12 months, the third 0-10
years, and the forth quadrant 0-10 decades. A non-zero value
in each quadrant is encoded as the length (or degree) of a
colored circular arc, extending clockwise. We considered the
option to display creation, modification and access time/date
all together simultaneously. However, we could not find a
suitable mechanism to separate these six attributes visually.
Therefore, we decided to show one attribute for date and
one for time, with an option for users to choose different
attributes.

Protection mode. The protection mode attribute is com-
posed of nine access permissions for [read, write and exe-
cute] x [user, group and others]. We tried out a number of
design options. They all resulted in noticeable visual clutter.
We thus decided not to consider glyph encoding of the pro-
tection mode in this study, though we have implemented one
design in our system as an option requiring explicit activa-
tion by the user.

In our user interface, glyphs are displayed on top of a
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squarified treemap [BHV99] showing the search space. The
default search space is set according to the access status of a
user, e.g., the entire file system for a superuser. The treemap
displays the top k-levels of the search space. As we focus
this study on large file systems, we assume that not all files
or directories in the search space can be represented by the
treemap. For example, our testing environment consists of
more than 500,000 files. We thus use the colors dark green
and purple to represent directories and files respectively. We
indicate different directory levels through the use of differ-
ent shades of green and purple, with lighter shades indicating
higher levels, and darker shades indicating lower levels. The
default depth k is set to 5.

Once the user enters their search criteria, the results of the
search are shown as glyphs overlaid on top of the treemap,
as shown in Fig. 4. This figure shows around 90 search re-
sults on top of a treemap with five levels. As this study also
includes static dots, cyclically-animated dots and cyclically-
animated glyphs, these are all options available through a
visual mapping dialog window. The dialog window is used
mainly to define the mapping of file attributes to visual chan-
nels of the glyphs. For cyclic animation, there are additional
options for choosing the animation style and adjusting the
animation tempo, which will be discussed in the next sec-
tion.

Cyclic Animation. We considered several animation styles,
namely changing size, color, and opacity. Because color is a
highly attentive visual channel while the perception of color
encoding is easily confused, we ruled out color-based ani-
mation at an earlier stage of the design. Both size and opac-
ity based animation have their relative merits and demerits.
In addition, whereas a single animation style can be applied
to a glyph, one can also apply different animation tyles to
different visual channels of a glyph.

5. Evaluation
5.1. Organization

After implementing a file search interface with four differ-
ent design options, namely (a) static dots, (b) cyclically-
animated dots, (c) static glyphs, and (d) cyclically-animated
glyphs, We conducted a further empirical study to compare
these four design options. Although such a study may theo-
retically be carried out in the form of controlled experiments,
the range of factors that may affect the user performance is
rather extensive. As there has not been any previous study on
this topic, the first step of evaluation was in fact to establish a
list of such factors. We thus chose one of the commonly-used
qualitative research methodologies, focus group discussions.
The participants were 10 individuals from the staff and post-
graduate student communities. All had experience of using
search facilities currently available in various file systems.
In order to achieve a good balance between collective views
from the group, and strong voices within the group, and be-
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tween learning visualization techniques and offering opin-
ions, we organized the participants into two equal-size group
meetings, both with the same schedule plan.

Introduction (20 minutes). Each meeting began with a
20 minute introductory presentation. Participants were in-
formed of the overall goal of the system, application sce-
narios, and objectives of the meeting. They were then intro-
duced to the concepts of treemap, glyph-based visualization,
and four design options, each accompanied by a relatively
comprehensive list of possible pros and cons compiled by
the research team. The word “possible” was emphasized to
avoid leading the participants. By giving a balanced list of
possible pros and cons, participants were made to feel that
they were being consulted rather being tested.

Survey (20 minutes). Following the introduction, partici-
pants were presented with a set of 14 statements and asked
to rate, using a 5-point Likert scale, the extent to which they
agreed or disagreed with each statement. This allowed us to
collect views from every individual participant in an equal
manner, and to compile them into a coherent set of collective
views. The 14 questions, provided for reference in the sup-
plementary materials, were divided into four groups, namely
(a) static dots vs. animated dots, (b) static dots vs. static
glyphs, (c) static glyphs vs. animated glyphs, and (d) ani-
mated dots vs. animated glyphs. When answering the ques-
tionnaire, example visualizations were shown side-by-side
using two projectors.

Open Discussions (20 minutes). Following the question-
naire session was an open discussion session, during which
participants were encouraged to offer feedback and com-
ments relating to design issues, especially those were not

Figure 4: Visualization of file search, featuring glyphs for search results (focus) and a treemap for the file system (context).

covered by the questionnaire. In both meetings, the discus-
sions were lively, and some participants were highly enthu-
siastic in offering their opinions and suggestions.

5.2. Survey Results

Static dots vs. animated dots. Results show a strong prefer-
ence towards animated dots. 80% of participants expressing
such a preference, only 10% of participants preferring static
dots, and 10% expressing no clear preference. 40% of par-
ticipants rated animated dots as either mildly annoying, or
annoying. This indicated that cyclic animation can provide
additional attentive power, which is necessary for identify-
ing small objects distributed around a treemap.

Static dots vs. static glyphs. The results indicate a willing-
ness to learn the visual encoding of the glyph (90%), even
though many found such learning and remembering to be
difficult (70% and 60% respectively). Many (60%) agreed
that glyphs would be advantageous when one needs to per-
form 20 or more searches per day .

Static glyphs vs. animated glyphs. Results show a general
preference for static glyphs. Most found it easier to identify
individual search results (60%), and see individual file at-
tributes (70%). Most rated animated glyphs as either mildly
annoying or annoying (80%).

Animated dots vs. animated glyphs. As expected, there
was little difference when asked which afforded better views
of the underlying directory structure, with 50% and 40% rat-
ing animated dots and animated glyphs respectively as giv-
ing the best view.
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5.3. Summary of Open Discussions

During the discussions, participants asked several questions
on the visual encoding of the glyph and showed much in-
terest to learn. Participants learned the visual encoding very
quickly, and offered informed suggestions about various de-
sign aspects. For example, one pointed out that the visual
encoding of the size attribute should support file sizes of a
terabyte or more. We accommodated this suggestion into a
revised design. Some participants pointed out an important
factor that even without any animation a glyph is easier to
see than a dot, due to the size factor. Naturally, there were
some suggestions with regards to our use of colour, with a
number of these leading to debate between participants.

The participants made a number of positive comments.
In particular, such visualization can be useful in quickly in-
terpreting the search results and their location in a file sys-
tem instead of reading any detail text. Some expressed that
in a traditional file system search, when the search results
were displayed they had to go through each result one by
one. Sometimes in order to locate a single result, users are
required to navigate through several hierarchical levels. Re-
peatedly performing such tasks was a very tedious job. The
use of this new visualisation could eliminate this problem,
and could therefore prove to be very useful.

There was significant discussion regarding the use of
treemaps as the background context, with some participants
finding it difficult to appreciate the usefulness of a recur-
sive directory-based cell layout verses their own alternative
suggestions such as a calendar layout. These discussions
also confirmed that the use of animated dots was useful, as
static dots were, at times, difficult to see, whilst views on the
animated glyphs remained negative. Many participants felt
that even when animation frequency was slowed, animation
could still prove distracting. Some participants appreciated
the options provided in the user interface for switching on
and off individual visual channels as reading and comparing
a specific attribute is easier.

6. Conclusion

We conducted a study on glyph-based visualization over a
dense visual context. We used a file search in a large system
as the scenario to facilitate the exploration of various design
options as well to provide a frame for the empirical study.

Our consultation of the potential users in a focus group
study indicated the following: (a) Users are generally will-
ing and able to learn glyph encodings if the task of file search
needs to be performed frequently within a large file sys-
tem. (b) Users generally preferred cyclically-animated dots
and static glyphs as opposed to static dots and cyclically-
animated glyphs. (c) Potential users are in agreement that
static dots are ineffective in supporting visual searches due
to their limited visibility. (d) Most users found cyclically
animated glyphs somewhat irritating in a visual interface,
though they can be a workable option for some.
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As the visualization problem studied in this work ex-
hibits a huge design space, this study has addressed only a
small scope within such a design space. We suggest that fu-
ture studies may obtain user performance data through task-
driven experiments under more controlled settings. As such
task performance may be related to several aspects, such as
accuracy, speed, learning, memorization, and levels of irrita-
tion, it would likely require several empirical studies in order
to obtain statistically-significant data.
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