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ABSTRACT

We examine the use of overviews in the context of auditory dis-
plays. We begin by addressing what overviews are and what is
their role within the broader context of Human-Computer Inter-
action. This leads to the identification of a set of characteristics
which, based on a literature survey and our own analysis of com-
monly occurring overviews we find that overviews possess. We
then examine to what extent these characteristics are present in
several reported examples of auditory overviews. It is noted how
much this analysis could be improved in a research environment
which fostered repeatability and comparability. The paper con-
cludes by arguing why overviews are particularly valuable in au-
ditory displays within the increasingly important contexts of Big
Data and mobile use.

1. INTRODUCTION

This paper argues that auditory overviews are an under exploited
mechanism within the field of auditory displays, and that they have
a potentially extremely important part to play within the context of
Big Data and increasingly intelligent mobile devices with small
screens. We start by reviewing the nature of overviews in general,
and by reviewing some notable examples of overviews specifically
designed for auditory displays. We analyse these examples to es-
tablish what features they share with some widely known and un-
derstood visual overviews. Finally we outline an agenda for the
future development of auditory overviews, setting out a number
of areas where we believe they have an important contribution to
make.

2. WHAT IS AN OVERVIEW?

Shneiderman and Plaisant have written widely on the field of overviews

in the context of information seeking. They and their colleagues
[1, 2, 3, 4, 5, 6] have used overviews for a variety of applica-
tions, resulting in Shneiderman’s seminal paper citing overviews
[3] as an integral part of the interface and as the first step in ex-
ploring a data set in the information seeking mantra (“overview
first, zoom and filter, and then details-on-demand”). [1] compares
an overview and two other interfaces for browsing hierarchies. In
[7], overviews are applied to personal histories to help highlight
connections between otherwise disparate events. [4] describes a
novel overview for photo libraries. In all these cases, overviews
are shown to benefit the interface, however the topic of what an
overview is and what role it should play is not addressed directly.
[8] adapts Shneiderman’s approach to information seeking to au-
ditory interfaces, substituting the word gist for the word overview

to avoid visual nomenclature. Similarly, [9] adapted the informa-
tion seeking approach of Shneiderman to an auditory context, this
time substituting the word overview with situate. The situate com-
mand informs users of the structure of the page and available op-
tions based on the location of the cursor. [10] provided auditory
overviews of program source code where the overview describes
the hierarchical structure of nested statements in the code. [11]
described an overview of node/edge diagrams which showed the
size and complexity of the graph and highlighted the interrelation-
ships between nodes. [12] focused on the auditory representation
of numerical tabular data. The overview of rows and columns al-
lowed users to identify areas of interest to explore. While the term
overview is used in all of these, it is taken for granted that the
reader knows what an overview is and how it can benefit the inter-
faces described.

2.1. Attributes of overviews from the literature

The literature reviewed above deals with overviews, however it
deals with them without delineating what they are. The purpose of
this review is to draw out what can be generalised about overviews.

Comprehensive: Overviews describe an entire collection [3, 7,

, 11] of information. An exception is however described

in [12] where the user directs how smaller overviews can be

put together to form an overview of the entire collection, so
leading to the concept of a hierarchy of overviews.

Abstraction: Overviews provide a general understanding of the
detailed data, obscuring detail and reducing complexity. [7,

, 12, 13]

Guide the user: Overviews are important for navigation and point
the user in the right direction to find what they are looking
for. [7,9, 13]

Displays saliency/interrelationships: Overviews expose how the
detailed data is interconnected, give details a frame of ref-
erence and identify areas of interest. [7, 11, 12, 13]

Other characteristics that emerged less frequently are that: overviews
promote exploration [13] by preventing users from getting lost in
the data; they expose the structure of the detailed data [9]; and they
are separate from the detail [14].

2.2. Survey of overviews

To examine the validity of the above analysis, we turn to a more
in depth analysis of overviews themselves. We analyzed known
overviews in order to identify some of their common attributes. We
chose four common overviews in a variety of formats so that we
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could properly generalize our findings. The overviews are: tables
of contents, computer file managers, line graphs and abstracts. The
first three can be automatically generated while abstracts cannot;
three are textual while line graphs are graphical; and all are well-
understood so that the analysis is uncomplicated by their purpose.

2.2.1. Tables of contents

Tables of contents are textual and generally automatically gener-
ated from the structure of the document: headers are extracted
from the text and displayed along with their associated section
and page numbers. Components and their representation Copy-
editing: The Cambridge Handbook for Editors, Authors and Pub-
lishers [15] indicates that tables of contents should be comprehen-
sive but simple to read. Some of the typical components are shown
in Table 1.

Component Role

Headings/sub-headings | shows topics covered

Sets of headers flow of topics

Heading numbers structure of the material

Page numbers where material is located also
depth in which material is covered

Indentation differentiates major topics from
minor topics
Leaders legibility: which pages numbers

correspond to what topic

Table 1: Components of a table of contents and their roles in
the overview

Superficially, tables of contents look dry and simple: they are
listings of the top level headers of a document. However, this
overview goes beyond an enumeration. Part of this is visible from
the interaction between the overview and the detail during creation
of the document [ 16]. The table of contents (or outline) can affect
the writing of a document since the document itself would need to
change in order for the overview to better represent it. That the
overview shows the author a different viewpoint on her/his docu-
ment is mirrored in the reader’s experience. The reader can dis-
cover things that s/he did not know s/he was looking for (similar
findings are described in [17]). In both instances, the overview
encapsulates what the document is about and acts as a guide. The
reader sees what topics surround a heading (or topic) and this gives
her/him a sense of how the topic is handled, in what depth and en-
gages her/him to explore what else is contained in the document.
Page numbers, indentation and other formatting all convey minute
details about the content of the document that a list cannot. It is
the organisation of the information that makes the overview use-
ful; otherwise, a search feature would be sufficient for exploring
the document. This concept of the table of contents adding to the
reader experience is discussed in [18].

Based on this analysis of tables of contents, overviews in-
clude the following qualities: setting out the scope and structure
of the material, delineating the hierarchy of the material (if one is
present), quickly guiding the reader to topics of interest, showing
contextual information about topics, helping the reader find where
s/he left off in prior interaction and encouraging the reader to ex-
plore other topics.

2.2.2. File managers

File managers employ graphical elements to represent the organ-
isation of a computer’s file system. The file manager in the Win-
dows' operating system displays the current path in the address
bar, the contents of that directory in the main panel and an interac-
tive representation of the directory tree structure on the left. This
representation of the directory tree structure is an overview that
describes the entire contents of the file system where the user can
choose which portions to hide or expand depending on her/his task.
The main advantage of the overview is the visibility of the entire
file system where previously the user would have to stitch together
her/his own internal representation of the surrounding context.

Components and their representation The strength of file man-
agers comes from the way they display the relationships between
folders so that users are familiar with the organisation and have
an easier time remembering or deducing where they stored certain
files. the directory tree is mostly made apparent through the spa-
tial layout that indicates the relationships between folders. The
components of the file manager are shown in Table 2

Component Role

Folders and sub-folders shows folders in the directory
tree

Sets of parent/children folders | organisation of information

Sibling folders folders loosely associated

with each other

Parent folders general category of a folder

Expanded icon state of the folder (expanded

or hidden)

Indentation folder depth in the directory

tree

Table 2: Components of a file manager and their roles in the
overview.

The directory tree overview is based on the metaphor of the
real-world desktop and office environment: The file manager is
a filing cabinet, directories are folders and the contents are files.
This is a much newer overview than tables of contents and has
received much criticism (e.g. [19, 20, 21]). The main criticism is
the difficulty of finding files efficiently.

This criticism indicates the immaturity of the overview and
how it could benefit from improvement. However, the criticism is
perhaps more directed at the organisation of the underlying files
rather than the abstraction thereof. One flaw in the overview it-
self is a break in the hierarchical organisation: the Windows file
manager lists the Desktop folder twice. It appears as the top level
directory as well as a child of the user’s home directory. Here the
overview misrepresents the underlying structure and potentially
causes confusion. This is handled differently in OSX?, where the
main overview is divided into sections. It provides shortcuts or
hooks into the file system rather than displaying its organisation.
However, as we discuss below, this view does not describe the file
system fully, which seems to be an important part of an overview.

Another problem with the overview in Windows is, as sections
of the file system are expanded, portions of the directory tree struc-
ture disappear off the edges of the overview pane. Having to scroll

Ittp://www.microsoft.com
2http://www.apple.com/macosx/
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can result in confusion until the user finds her/his place again in
the view. However, this is more of an implementation usability
problem — where there is a trade-off in usage of available screen
space — than a problem with the overview per se.

As mentioned above, the Apple file manager takes a differ-
ent approach. The default view uses a series of panes where each
pane lists a level in the directory tree but never displays the en-
tire file system structure. This leaves the question of whether this
representation qualifies as an overview since it acts as a filter. Per
Shneiderman’s info-seeking mantra filtering is a latter step in the
process of exploration. More specifically, it acts more as a fo-
cus+context interface, where the user sees the current detail in full
focus but also gets contextual information. [22] The distinction
is that the context provides a view of surrounding information but
not of the whole.

So what does the Windows file manager imply about overviews?
The analysis of tables of contents revealed that an overview sets
out scope, structure and hierarchy. The file manager does these as
well though the interaction degenerates when parts of the overview
scroll out of its pane. The exploratory aspects are also less evident.
One new attribute that emerges is the affect of the overview on a
dynamic system. File systems are in constant flux and as such
snapshots of the overview can describe the evolution of the con-
tents of the file system.

2.2.3. Line graphs

Line graphs show interrelations between two measures. Their us-
age in statistics and analysis made them a key feature in spread-
sheet programs such as Excel’ and they are well enough under-
stood to be able to be generated automatically.

Components and their representation The main component of
a line graph is the line which is made up of connected data points.
The positions of the data points are determined by the scales of the
two axes. The axes will have labels and units of measurements so
that one can tell what the data points mean. More advanced line
graphs might have trend lines and/or error bars to assist interpreta-
tion. The main components — but not these more advanced ones —
are in Table 3

Component Role

Line connect the data points and show the
progression or variation of the data
along the two axes

Data points show the specific values for each
measurement
Axes show what is being compared

Axis labels and units | describe the axes and their scale

Grid lines/tick marks | show the scale of the axes and help

people to approximate data point values

Title describe the subject of the graph

Legend labels the data line in the graph

Table 3: Components of a line graph and their roles in the
overview.

In terms of the previously exposed attributes of overviews, line
graphs describe the scope and structure of the data. In addition,
they quickly guide and entice the viewer and provide a snapshot of

3http://office.microsoft.com/en-us/excel/

the detailed information. However, they sometimes only describe
a subsection of an entire data set. When the data set is small, a
graph can describe it in its entirety but as the data increases in
dimensions, it may only describe one aspect. Regardless of the
scope of the line graph, it can depict a multitude of information.
Like a table of contents, a line graph invites exploration. The study
of the graph can lead to questions and subsequent searches for an-
swers. Graphs can both show findings and identify areas of interest
to analyse. [23] discuss graphs as tools in exploratory data analy-
sis, specifically highlighting their ability to provide “a good view
of the relationships and oddities in the data from experiments” [p.
120]. As such, they have the potential to expose aspects of the
detailed information that are not immediately obvious without the
benefit of an overview.

2.2.4. Abstracts

Abstracts are textual, like tables of contents, yet are hand-generated.
This is in contrast to the previous examples which can all be gener-
ated automatically from the detailed information. Components and
their representation Abstracts are very specialized and good ones
are carefully constructed to best represent the work in question. In
the most general terms, an abstract will have an introductory state-
ment, a main message and an explanatory section. The order and
format depends greatly on the type of work, the forum/audience
and the perspective of the author.

Component Role
Introductory statement | describes the purpose of the work
and sets the scene

what the author wishes the reader
to remember

describes background information
and/or methodology

Main message

Explanatory section

Table 4: Components of an abstract and their roles in the
overview.

Because of the prose format, abstracts are hard to create and
hard to describe. They are short and the author must be very con-
cise. Unlike the other overviews studied, abstracts resist automatic
generation. As such, abstracts are a good example of how one
needs understanding of the underlying work to be able to generate
a new overview. The way we express ourselves in words is not yet
well enough understood to negate the need for a custom overview.
Similarly, in cases where we are aiming to form new overviews,
overviews will need to be custom generated until the underlying
format is well enough understood to be automatically processed.

3. APPLYING THE RESULTS TO THE LITERATURE

The survey reported above identified several key characteristics of
overviews. Not all of them appear in all the overviews so they are
separated out into major and minor characteristics. Table 5 lists
these in relation to the overviews in which they appear. Though
the nomenclature is different, these results mesh with the themes
extracted from the literature on overviews. Below, we address each
characteristic in turn.
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Attribute/characteristic General Tables of File Line Abstracts

category contents | systems | graphs
Scope of the material descriptive X X X X 100%
Quickly guides to information | exploratory X X X X 100%
Shows contextual information | exploratory X X X X 100%
Exposing the structure descriptive X X X _ 75%
of the material
Encourages exploration exploratory X _ X X 75%
of other information
Provides a snapshot of the historical X X X _ 75%
state at a particular time

Table 5:The attributes and characteristics of an overview based on the analysis in this paper. The Pnal column shows how often th:
attribute is represented in the overviews surveyed.

3.1. Showing the scope of the material abstracts do not describe structure as it is not necessary for its
pose and exposing structure would interfere with its prose forn
In other words, while structural information is key, it is seconda
to the main purpose of an overview which is to best describe
TYetailed data.

Showing scope means that the limits of the detailed data are de-
Pned and exposed. This ties in with the theme from the literature
that overviews are comprehensive. From the scope, the user know.
what they can expect to bnd in the detail and allows her/him to fa-
miliarize her/himself with the whole data set. From this whole,
the user can then set blters, as described]intg hone in on ar-
eas of interest. Only the overview of tabular datd][provides

an overview that is not comprehensive, though this is for usability
reasons due to the auditory modality: this gives the user control
over the speed of presentation.

3.5. Encouraging exploration

One of the main purposes of an overview is to act as a guide;
couraging exploration is a corollary to this. The overview shot
make it possible to discover what is there: not only what the u
is looking for, but also what else is there. This ties in with one
3.2. Acting as a guide the less mentioned attributes of overviews from the literature

Quickly guiding picks up on two themes from the literature: show- alsq Is a minor chara_cteristic per the analysis: in oth_er words, i
desirable but not obligatory. For example, a well-written abstri

ing salient features and obscuring detail. One reason for overviews™ X . ) )
is the difbculty of comprehending the whole data set; the abstrac-ill €ntice areader, while a less well-written one will represent t
tion that an overview provides as well as its brevity allows a user detailed data but not necessarily engage the readers curiosity.
to quickly see patterns and relationships that would be harder to

see if s’lhe were perusing the detailed data. By presenting higher . L

level information and doing so in a brief manner, the overview 3-6- Providing historical states

quickly guides to the detailed information. Only from an in depth
knowledge of the detailed information could a user glean the sort
of understanding that is readily available from an overview.

When a data set is dynamic, such as a ble system or a worl
document, an overview can capture the state of the data at a
ticular time. Tracking changes through the detailed data can
cumbersome and the overall meaning of those changes difbcL
understand. Whereas an overview provides an easy way to cayf

Having a sense of context allows the user to better understand whathe general, if not the specibc changes to the data. This chs
is being presented and how it is addressed in the data set. If Onéeristic was not discussed in the “tel’ature; this could be beca
wanted to know if some information were present, a search featurethis application of an overview was not of interest in the conte
would be sufpcient. At that point, the detailed data is like a black ©Of the research. For example, in the overview of personal histo
box where a user dips in to Pnd out some information but does not[7], they were interested in patterns in the histories, not display
know what else is there. By showing context, the overview allows their evolution.

the user to familiarize her/himself with the data before dipping in.

3.3. Showing contextual information

3.4. Exposing the structure of the material 3.7. Levels of overviews

The structure or organisation of the detailed information touches So far, we have discussed overviews in general. The aim wa
on several of the themes from the literature. While context is about understand overviews as a concept. However, once overviews
what relates to a particular piece of information, structure is about used in practice, the context can have a great effect and can mt
the Bow of the detailed information. This can be described as ab-the waters. For example, a table of contents describes a text
straction and obscuring detail in some cases or displaying interre-a portion of the table of contents can describe a subsection of
lationships in others (e.g. the structural logic behind the organisa-text. The six characteristics state that an overview should be ci
tion of a Ple system or a document provides high level informa- prehensive: comprehensive of the text in question. It theref
tion about similarities or disparities between content). However, follows that there can be sub-overviews.
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3.7.1. When is an overview a sub-overview?

Logically, a sub-overview provides a comprehensive overview of
a subset of a larger dataset. For example, a table of contents could
describe a book and a sub-overview might describe a chapter. The
sub-overview might take a different form than in the table of con-
tents as the chapter becomes the whole instead of being a subset of
the book. In other words, the sub-overview becomes an overview
in its own right. Defining it as a sub-overview is only necessary
when discussing both the overview of the book and the chapter at
the same time.

3.8. Task dependency

The discussion of sub-overviews above highlights that different
overviews support different tasks. Looking at a paragraph may
only be useful in particular context; conversely, understanding an
entire book may be useless in another. In other words, the task and
the overview need to be closely related. This task dependancy is
included in the six characteristics. This is most obvious in the case
of quickly guiding and encouraging exploration: neither of these
can be accomplished well without the overview being appropriate
for the task in question. Most of the overviews analysed here are
general and are fairly modular. They are applicable to a variety of
tasks but are not suited to all tasks involving the detailed data they
describe. For example, both tables of contents and abstracts can
describe a text but they do not serve the same purpose. If the task
is to understand the thesis of a text, a table of contents may pro-
vide hints but not as well as an abstract could. A successful gen-
eral overview does a better job of satisfying all the characteristics
if the overview anticipates the tasks for which it will be used. A
city map could help in several tasks like route-finding, understand-
ing the layout of a neighbourhood or understanding the network of
arteries through and around the city. Graphs, on the other hand,
are harder to make universal and are often fine-tuned to a task.
Another example is a timeline which shows a sequence of events
but not interrelationships between them. However, in the case of
the timeline, trying to make it more general might compromise its
quality: highlighting connections between events or related people
could obscure the sequence of events. A timeline quickly guides
to the when but not the how. If the task is understanding the for-
mer, then the user is more likely to be encouraged to explore. Sat-
isfying the six characteristics aids in assuring that the overview
is suitable and useful. Examining the task and overview together
and checking, in particular, for the more interactive characteristics,
helps determine if the overview is the correct one for the task.

4. AUDITORY OVERVIEWS

We now examine how well our analysis of the characteristics of
visual overviews applies to overviews specifically developed for
the auditory domain. Table 6 summarises how they match against
the auditory overviews in the following analysis.

4.1. U.S. census data

Zhao [25, 26, 8] applies the information-seeking mantra to her
work on auditory exploration of U.S. census data. The mantra
becomes Auditory Information-Seeking Actions (AISA). Here, in
an attempt to distance herself from using visual language, the term
gist replaces the term overview. A gist is a short audio clip that
describes the detailed data. In her thesis, [8] sets forth guidelines

for the duration of a gist, its interaction and its latency, giving a
more concrete understanding of what a gist or auditory overview
should sound like. She argues that a gist should be no more than
10 seconds long due to the capacity of human short term memory,
should be low latency (less than 100 milliseconds) and should be
synchronised with other modalities to support multi-modal inter-
action. Only the proposed length of the gist is overview-specific;
the other two guidelines pertain to general auditory interaction.
Further, gists may contain sub-gists which may be auditioned in-
dependently.

The overview of U.S. census data shows four of the charac-
teristics: all of the major ones and one of the minor ones. The
overview describes the scope by sonifying data points for all 50
states. The overview is also brief (less than 10 seconds) and acts
as a guide by highlighting the variations in population across the
United States. Context is heard by listening to neighbouring states.
A listener can hear a snapshot of various census by selecting a dif-
ferent census year. It is less clear in the literature whether the
overview exposes structure or encourages exploration though it is
presumed that large changes in adjacent values might encourage
exploration, as might perceived patterns.

4.2. Tabular data

Tabular data is data that is displayed on a grid. This sort of infor-
mation is difficult to display in audio. In his work sonifying tabular
data, [12, 27] do not formally address what an overview is. How-
ever, the authors state that in an overview, detail is irrelevant and
that an overview can bring out patterns/trends in the data. One key
aspect of the tabular data overviews is that they are row/column
based. In other words, the overviews cover a subset of the data set.
A user gains an understanding of the whole by comparing the row
or column subsets. Using a stylus, the user iterates through the
columns or rows, controlling the speed of the overview. The stylus
interactions also allow the user to focus only on what they feel is
relevant as opposed to the entire dataset. As the stylus travels over
a column or row, it plays a representation of the numerical data
contained within. Thus, [12] do not consider that overviews need
to be comprehensive, merely that they represent a large enough
subsection that a user can begin to locate salient features. In this
case, the data is numerical and the overviews facilitate locating
outliers: where numbers are especially high or low.

The tabular data overview shows evidence of all but one — a
minor one — of the overview characteristics. The representation
of all the columns/rows shows the scope of the detailed data. The
brevity of the overview is determined by the user and is also driven
by the number of rows/columns. However, the Sonification of each
row/column is extremely brief and the overview as a whole can be
considered short. The overview guides the users to columns/rows
showing high or low values and shows context through contrast to
neighbouring rows/columns. The structure is clear as the tabular
nature of the data is intrinsic to the overview. The exposition of
salient features, in this case high and low values, can encourage
exploration. The playing of the overview is user-directed and as a
result, it is less clear how well it could represent changes in states
(i.e. historical snapshot).

4.3. Edge/node graphs

Edge/node graphs are a way of representing interconnected data.
For such graphs, [11] aim to create an auditory equivalent to a
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Guides Encourages
Scope | quickly | Context | Structure | exploration | Snapshot
Census data X X X ? ? X
Tabular data X X X X X ?
Edge/node graphs X X X X ? X
Source code X ? X X ? X
Mathematical equations X X X X X X
situate ? ? X X X X

Table 6: The attributes and characteristics of overviews from the literature. The final line of the table shows how many of the overviews

reviewed showed evidence of each attribute.

glance. They set out two requirements for the overview: to give an
impression of size and complexity, and to describe the topology.
The audio glance is an organised iteration through the graph that
spreads from the left-most node: each node plays, then each node
connected to it and so on. The basis for this is highlighting the
relationships between the nodes and not the spatial layout.

The overview of edge/node graphs shows all but one — again a
minor one — of the overview characteristics. The overview’s main
purpose is to describe entire graphs and their layout and thus it ex-
poses the scope and structure of the detailed data. It shows context
by describing the interconnections. While the size of the graph
drives the length of the overview, it uses short non-speech sounds
and is likely to be brief. The exposition of the features of the graph
guide the listener through its layout and can provide a snapshot of
the graph in various states. There is no evidence to the contrary,
but it is hard to determine if the overview encourages exploration.

4.4. Source code

Source code is computer programming code. It is plain text and
very syntactically strict. Often, a single code file will have sev-
eral thousand lines of code. [10]’s overviews describe Java source
code. Similar to [1 1] and [12], they do not address what makes an
overview. However, as with Kildal, the focus is on abstraction of
the data and detailed data is obscured. The authors concentrate on
the types of statements in the code rather than the statements them-
selves. The code is divided into three categories of statements,
with nested statements exposed through a more complex represen-
tation. By describing nested statements, a user can perceive the
hierarchical structure of the code. In other words, the overview is
a broad iteration, describing the entire program and its structure.

This overview is based on [28] who created auralisations of
computer programs. They used musical constructs to aid novice
programmers to identify bugs in Pascal code. The difference be-
tween their work and Finlayson’s work is that the goal of [28]’s
project, called CAITLIN, was to identify where problems occurred
such as improperly terminated IF statements rather than providing
a representation of the overall program structure.

Most of the major and minor overview characteristics are present
in the overview of program source code. The overview shows
scope and structure by summarising the code in order. Context
is also apparent through this iteration through the code. Addition-
ally, it is possible to have historical snapshots of the code as it
evolves. What is less clear is if the overview is brief. By iden-
tifying various programming structures, the overview can act as
a guide. However, the length of the code will drive the overview
length and code source files can be several thousands of lines long.
It is difficult to tell if the overview encourages exploration.

4.5. Mathematical equations

Mathematical equations are the language of maths. They pro-
vide complete descriptions of potentially complex relationships
between variables and allow for their manipulation and analysis.
When read aloud, they can easily and quickly become incompre-
hensible and misunderstood. [29, 30, 31] tackle the problem of
making mathematics more accessible to visually impaired people.
They created an auditory glance with the goal of expressing high-
level structure to facilitate planning how to approach the mathe-
matical expression. The auditory glance, which is an overview of
the equation, describes the general shape of the expression and
provides enough specifics to understand the complexity but the
specific terms are obscured. For example, a user might hear that
something was a number but not what that number is. The auditory
glance would allow the user to understand perhaps that the expres-
sion is a quadratic equation and the user would need to explore
further in order to hear the exact terms of the equation. They used
algebraic earcons, composed with timbres, rhythm and prosody to
describe the equations. The earcons describe the syntax of the ex-
pressionshowing aspects such as super/subscripts and describing
the location of the various parts of the equation and their relative
sizes. In essence, the auditory glance provides a framework for
further exploring the equation. Experiments confirmed that partic-
ipants could discern the complexity and shape of the equations and
they were able to decipher the expressions while listening.

The type of information exposed in the glance shows what [29]
prioritised for use in an overview. The specifics were not exposed
but the intention was that participants could identify major seg-
ments of the expression through prosody and that the glance de-
scribes the entire expression. In terms of the characteristics identi-
fied through the visual overviews, the auditory glance satisfies all
of them. The glance is comprehensive and shows the scope of the
expression and describes the location of items through prosody.
New items are distinguished through timing and pitch, allowing
for context to be heard. The structure and syntax was proven to
be discernable through user studies. While not the stated goal of
the glance, it could be used to present a historical snapshot. For
example, as a user worked with an expression and manipulated its
shape, the glance could expose the changing shape by comparing
two glances. The stated goal of the glance is to allow listeners to
plan how they will approach the mathematical expression and thus
it encourages exploration.

4.6. Voice access to web pages

Webpages rely on their spatial layout and visual characteristics to
guide the users. Various graphical elements draw the user’s eyes
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to salient features. However, without a visual component, it is this cannot be proved conclusively.

difbcult to RBuidly navigate the webpage. Here, an overview can

facilitate navigation. §] adapt the Information Seeking Mantra to

guide the development of a voice system for accessing web pages? TOWARDS AN AGENDA FOR AUDITORY OVERVIEW
Because of the difference in auditory versus visual interaction, the RESEARCH
authors propossituateinstead ofoverviewand describe it as a
method to provide Oan understanding of [the pageOs] structure
[p. 857] and to help users locate themselves within the informa-

tion space. In other wordsjtuateanswers where the user is on duci bil p H h ea
the page and what options are available. The authors imply thatéonducive to repeata ||‘ty an traqsparency. ow much ea:
would the above analysis become if all of the software and d

this support enables quick navigation from one major section of d to impl d he d ibed audi :
the page to another. This is not an overview in the strictest sense;US€ | to Implement and test the described auditory overviews v
readily available. Many of the points in the above analysis wht

it is a system that exposes high level information. Howevdr, [ led to inf lt f hord K

focus on navigating the detail while occasionally accessing struc- we are led to in ertﬂua ities of an ap;:;]oac_ or fraw W?.a Iconcl

tural information. This is the opposite of some of the other work slons concerning the presence or oheérwise ot a particular
acteristic in an auditory overview would become testable, gree

described here (e.g3%, 24, 11, 10, 29 etc.) where the interaction ina th ibility of maki | : d dre
starts with the overview which guides users to areas of interest. :Egrgfrﬂggctoﬁcﬁ)l?;zln:ty of making clear comparisons and dre
The situatecommand in the voice access to web paggs ; . ) - .
pag3sy The identibed characteristics however do form a good basis

similar to an overview. lIts stated goal was to facilitate navigation hich t ine the desi ¢ - dit ; ¢
and expose the structure of webpages. As such, it appears to hav§/lch to €xamine the design of any given auditory Overview, t
cause they capture the essence of what an overview should ai

several of the overview characteristics. As a navigation tool, it ) . . . R
encourages exploration and acts as a brief guide to the page. | 0, and this becomejs key.when the (.j'.Spla.‘y medium is audio.
is unclear if the overview is semantic or simply structural. This act that sound requires time to audition is both a s_trength an
means it is difbcult to tell if context is exposed or snapshots of the weal_<nes_s of a_ud|tory displays. It means that sound is an e_xce\
page are possible. Scope is also difpcult to determine. medlum in which 1o present phenomena that evolve over time
in, for example, an auditory progress bar, but the obvious drz
back is the time required for the display to be heard. Itis esser
4.7. How the discovered characteristics bt auditory overviews  then that auditory overviews avoid wasting time, and enable

) ) user to focus in on any subarea of interest as quickly as possi

literature and how they satisfy the attributes identibed through the ample in the auditory overview of numerical tabular data by,
described survey of overviews. With the visual overviews, there \yhere the overview consists of multiple suboverviews which ¢
was a clear demarcation between major and minor characteristicsnavigated by the user.
Showing scope, context and quickly guiding all emerged as im-  Ayditory overviews baring the characteristics identibed abc
portant characteristics. The remainder (showing structure, encour-y5ye the potential to be pivotal in conveying an understanding
aging exploration and providing a historical snapshot) were not {he structure and general characteristics of large data spaces
omnipresent and thus are minor chgracteristics. This pattern isforming the later exploration of the detail, helping to focus tt
not repeated with the auditory overviews. Only showing context jnteraction on points of interest and highlighting salient featur
appeared debnitively in all the overviews. Showing scope, Struc- anq relationships. As the interest in the exploration of large d
ture and providing a historical snapshot were quite frequent while spaces continues to grow, including ONew human-machine ir
_quickly guid_ing and encouraging exploration were harder to show facing for exploring data (beyond keyboard, mouse and scréei
in the overviews. there appears to be a unique opportunity to make the case fol
The use of the wordlePnitivelyis key here. The overviews  role of sonibcation in general, and the use of auditory overvie
surveyed were all easily generalised due to their prevalent naturesj particular, in the exploration of large data spaces.
Examples of tables of contents, bPle managers, line graphs and ab- Spatial sound may well have an important role to play he
stracts are plentiful. This is not the case with the auditory overviewsyit, its ability to orient the user relative to the different parts «
where we are reliant on the quality and the comprehensiveness ofy complex auditory display, and afford the parallel presentatior
the written descriptions of original research. This makes it difbcult yytiple data sources, as in the work on the Clique systéf [

to properly assess them in the same way as visual overviews. Asyhich uses a conversation metaphor © employing up to four ¢
such, this review of auditory overviews is conservative as to which tjgjised concurrent voices B and task-based interaction to pro

attributes match and which do not. _ ~auditory access to a Graphical User Interface (GUI) for visua
With this caveat in mind, Tableshows that the auditory overviewsmpaired (V1) users. While this work was not done in the conte

each match four or more of the six overview attributes. This indi- of data exploration, it demonstrates how spatial sound can be t

cates that the overview attributes do apply to auditory overviews. to present multiple concurrent information sources without ov

As far as which attributes apply to auditory overviews, encourag- |oading the user.

ing exploration is the weakest, with only two speciPcally mention-  The increased power of tablets and mobile phones means

ing navigation and exploration. Encouraging exploration is also in turn these are being employed for tasks that would previou

the hardest attribute to prove since overview researchers do not adhave required a computer. A limiting factor in their use ho

dress the issue. Guiding quickly is the weakest of the major char- ever remains the small amount of available screen space. A

acteristics, turning up in only four of the six auditory overviews.

Overall, the strongest statement that may be made is that the overviewtnttps://connect.innovateuk.org/web/data-

attributes seem to apply to auditory overviews as well however, exploration

\Hithin the context and themes of the current meeting, it is wo
noting that the difbculties inherent in the above analysis wol
be substantially offset in a research environment which was m
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tory overviews of any kinds of large data spaces, such as maps, ACM/IEEE-CS Joint Conference on Digital Librariedew
spreadsheets, large documents and databases could exploit the fact ~ York, NY, USA, 2005, pp. 1880196, ACM.

that audio can be presented over a large virtual space using head-[s] Bill Kules. Jack Kustanowitz. and Ben Shneiderman. OC
phones, again leveraging the properties of overviews described egorizing’web search results into meaningful and stable ¢
above - providing a complete but rapid presentation of the whole egories using fast-feature techniques,@roteedings of the
data space, guiding to areas of interest and identifying points of ACM/IEEE-CS Joint Conference on Digital LibrarieNew

saliency. o , , York, NY, USA, 2006, pp. 2109219, ACM.
There are some situations in which even if the amount of infor-

mation to be presented is not large, auditory overviews can have an [6] Marc A. Smith, Ben Shneiderman, Natasa Milic-Fraylingar

important part to play. Screen-readers currently provide very little Eduarda Mendes Rodrigues, Vladimir Barash, Cody Duni
by way of overview or summary information to VI users. JAWS Tony Capone, Adam Perer, and Eric Gleave, OAnalyzing (
includes an OoverviewO of web pages that is triggered by a key-  Cial media) networks with NodeXL,O Rroceedings of the
board command. This feature lists the number of links, headers, International Conference on Communities and Technologi

forms and frames on a web page, but in terms of giving the user New York, NY, USA, 2009, pp. 2550264, ACM.
an idea of the content, this listing of elements provides little more [7] Catherine Plaisant, Brett Milash, Anne Rose, Seth Widc

than an indication of how busy the page is. This listing of ele- and Ben Shneiderman, OLifelines: visualizing personal |
ments also does not provide any spatial layout ® which would aid tories,O iProceedings of the SIGCHI Conference on Hum:
in collaboration with sighted users (e.g. is there a column layout? Factors in Computing Systegridew York, NY, USA, 1996,
Where is the main navigation?) b or any indication of dynamic ele- pp. 2219227, ACM.

ments - which remain a source of confusion and are mainly hidden
from VI users until they are activated.
Web pages are byno means the qnly area where auditory overviews thesis, University of Maryland at College Park, College Pa
have the potential to considerably improve screen reader-based
; h ) . . MD, USA, 2006.
Human-Computer Interaction. Overviews of entire web sites, in- N _ _
cluding indicators of accessibility, of documents and document [9] Manuel A. PZrez-Qui-ones, Robert G. Capra, and Zhiy

[8] Haixia Zhao, Interactive sonibcation of abstract data
framework, design space, evaluation, and user,tdah.D.

collections, of large numbers of emails and calendar entries, in- Shao, OThe ears have it: a task by information structure

cluding indicators of priorities, are among the many areas where onomy for voice access to web pages,Prot. IFIP Interact

overviews could help to overcome the linearity of speech-based 2003, 10S Press.

displays and improve the efbciency of interaction. [10] J. Louise Finlayson and Chris Mellish, OThe Oaudioview
providing a glance at java source code,@risceedings of the

6. CONCLUSIONS International Conference on Auditory Displayeland, July

6-9 2005, Department of Computer Science and Informati

We have examined the nature of overviews, aiming to bring clarity Systems, University of Limerick.

to what is meant by the term and what they are typically intendeda[ll] Andy Brown, Robert Stevens, and Steve Pettifer, OAu
to do. We have discussed the characteristics of previously reporte representation of graphs: a quick look,OPinceedings of
auditory overviews from the literature, and as far as that literature the International Conference on Auditory Displ&yK, June
permits, tried to put these contributions within the overall context. 2006, Department of Computer Science, Queen Mary U
Finally we have identibed several areas in which there appears o yersity of London.

be considerable scope to extend work on auditory overviews, and . R
discussed why the attributes of overviews we have identibed herel12] Johan Kildal and Stephen A. Brewster, OExploratory stre

provide a useful yardstick to guide these future developments. gies and procedures to obtain non-visual overviews us
tablevis,O inntl Conf. Disability, Virtual Reality & Assoc.

Tech 2006, pp. 285D294.
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