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Abstract

The volume of news generated on the Internet is increasing faster than our abil-
ity to read the arriving news. The list-based representation found in existing news
interfaces does not work well with the manner in which news is now streamed to us.
Readers miss out on recent news as more updated news arrives. This motivated the
design of a news dashboard following the principles of information visualization and
visual analytics. The news dashboard provides a succinct presentation of the news at
a glance. The topics and named entities in the news dataset are used to organize the
visual display and to automatically identify related news, trending news, breaking

news, and support the faceted browsing of the news stream.
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Chapter 1

Introduction

1.1 Motivation

The Internet revolution has caused significant changes in the manner of news
dissemination. The proliferation of media organizations and content providers have
contributed to the massive rise in the volume of online news generated on a daily
basis, challenging the ability of readers to process the news in order to recognize
and understand trends in the news stream. The number of users seeking to read
online news keeps increasing [48], thereby motivating the need for research into the
development of news interfaces that allow users to analyze and explore increasing
amount of news with minimal effort.

The design of a news interface begins with an understanding of the news data.
A news article is a unique type of textual data, as it is authored by journalists and
therefore has a good rhetorical structure with minimal grammatical errors [21]. News
articles are a rich source of information about people, organizations, and locations [49],
as they provide reports on activities in the world [21]. Humans are craving information
about the happenings in the world and expect news interfaces that are suited to their
information needs.

Online news has become a major source of information for people in the informa-
tion age. The news is curated by aggregator sites and organized using the list-based
representation of the traditional newspaper format. Aggregator sites collects news
articles from diverse news sources, which are merged into a single source for redistri-
bution to the users [43]. There are a number of aggregator sites which include Google

News [3] and Yahoo News [6]. There is a growing trend among Internet users to get



their daily news from aggregator sites, despite the lack of original content in these
sites. These aggregator sites are disruptive to the traditional news sources such as
television and radio, as the users are increasingly turning to the aggregator sites as
their primary source of news thereby threatening the user base of traditional media.

Online news interfaces have practically remained unchanged for years. The in-
terface for displaying the news has been based on the interface metaphor of the
newspaper where the traditional newspaper organizes the news according to different
sections in a list. Existing news interfaces have used techniques in graphic design
to enhance the aesthetic feel of the interfaces. However, the problem with existing
interfaces is the limited availability of support for exploratory tasks, thereby making
it difficult to perform visual exploration of the news in relation to past relevant news.
Due to the volume of the news stream, it is not feasible to quickly read all the news
content in the stream at a glance. The users could benefit from an interface that
provides a high level overview of the news stream which summarizes the news stream

thereby providing support for the information seeking activities of the users.

1.2 Core Problem

Users are overwhelmed with the deluge of news [48] delivered by multiple aggre-
gator sites at an increasing rate [43]. The problem is exacerbated by the list-based
representation of existing news interfaces which are intuitive to users, but create the
problem of occlusion which occurs as recent news overlaps possibly with relevant past
news. The problem of occlusion occurs when an item obstructs another from the field
of view. In this case, posting old news off the bottom of the list.

There have been attempts to solve the issues with existing news interfaces. This
has given rise to the development of notification schemes [29, 68] that make users
aware of past news in relation to recent news. This approach works on a small
scale, but the readers can be overwhelmed by the frequency of the alerts and pop-
up windows. Subsequently, the approach fails to solve the issue of occlusion, which
results in the user losing focus on relevant news as new data arrives.

The core research question in this project is “Can we do better than the list-based
representation of a news stream as a primary news interface?”. This question has

guided the research in the design of a novel interface to support real-time visualization



of the news streams. The aim of news visualization is to develop a news interface
that is efficient and effective in visually displaying the news. Users are not only
interested in reading the latest news, but also wish to track the temporal evolution of
the news as relevant old news is overlaid with current news. The need for a compact
representation of the news stream can be achieved by the design of a dashboard [18].

Due to the volume of news, people tend to think of news as items that can be read
once and discarded. This is not always the case, as people want to track news about
specific events over time or even catch up on news after a hiatus. The understanding
of long-term trends in the news stream requires focused attention, as the users need
more than glances to get the full story. In media such as television, this requires a
panel of experts to analyze the news trend over a time period. This panel of experts
is not available in an online setting. This calls for the interactive interface to support

the visual exploration of the news stream.

1.3 Approach

The aim of this research is to develop a tool that supports real-time interactive
exploration of news stream. However, the ability of the users to understand the trends
in the news stream is dependent on a number of factors which include how the data is
presented using visualization. This tool should provide a compact visual representa-
tion of the news stream using the principles of information visualization [69] to allow
the users to pre-attentively process the news stream. Compact visual representation
shows the information using a small display space, and as such has a high information
density.

For this research to achieve its set goal, there is a need to understand the require-
ments of the user based on a task analysis. This is an expectation when designing
an interactive visualization tool where the conceptual model of the designers must
match the mental model of the users [54]. The role of the users in visualization can
be either exploratory, confirmatory, or presentation [69]. In the exploratory role, the
user can check for the presence or absence of an item of interest. In the confirmatory
role, the user can verify a hypothesis. In the presentation role, the user can display
the information to the users to facilitate understanding of the data.

The theoretical foundations can be classified into theories that supports the design



and use of the news dashboard. This captures all aspects of the tool, considering both
how the user interacts with the system, and how the designers developed the tool.
This work proceeds with the review of existing news interfaces, thereby providing the
basis for the design of a novel interface.

This research work consists of designing a news dashboard that uses a stacked
heatmap to show the temporal evolution of the news stream using a perceptually
ordered colour scale that shows the frequency of the news within each element of the
stacked heatmap. The stacked heatmap provides a 2-D representation of time, where
the news stream is aggregated on the horizontal axis, which represents the width of
the element of the stacked heatmap within the set interval on a macro-level, and
organizing the data on the vertical axis which represents the height of the element of
the stacked heatmap based on a second temporal tier on a micro-level. For example, if
the news is aggregated by a days versus hours, then the horizontal axis shows the days
of the month, while the vertical axis can show the data aggregated by hours. This
allows the user to see the news aggregated by hours on a day in the stacked heatmap.
Additionally, the news dashboard has a faceted browsing interface to explore the
news stream by using recognition of terms, without the need to recall these from
memory. The faceted browsing interface allows for enhancing the learnability of the
dashboard by new users as the users do not need training to use the news dashboard
for exploration of the news stream. Furthermore, this research has culminated in the
design of a breaking news detection approach that is based on anomaly detection
algorithm [12].

The interface should support data exploration where the users can form a visual
map of the news stream by making use of the pre-attentive processing [25, 69] of
the news dashboard. In this work, a novel interface was proposed that supports the

real-time visualization of news streams in a compact visual encoding.

1.4 Organization of Report

The remaining chapters are organized as follows.
In Chapter 2, a review of theoretical foundations is provided to guide the design of
the news dashboard. This provides the core principle for the design of an interactive

news dashboard.



In Chapter 3, a review of existing news interfaces for news visualization is provided.
This provides the basis for designing a novel news interface.

In Chapter 4, the news dashboard for real-time visualization of news streams is
developed in the research. This Chapter discusses the user requirements, algorithms,
and implementation details required for designing the news dashboard. This design
of the news dashboard was influenced by the theoretical foundations explained in
Chapter 2, and the knowledge of a number of existing news interfaces in Chapter 3.

In Chapter 5, a case study to provide scenarios for using the dashboard is provided.
This is followed with a discussion of the results and suitability for deployment for
public use.

Finally, in Chapter 6, the conclusions and contributions of the research are pre-
sented. The limitations of the current work are provided leading to a number of

suggestions on possible future development of this research project.



Chapter 2

Theoretical Foundations and Frameworks

Visual interfaces should be designed using principles that guide the users to the
information. These principles are the building blocks of interactive visualization.
The theories discussed in this section include information visualization in Section 2.1,
dashboards in Section 2.2, the information-seeking mantra in Section 2.3, the visual

analytics mantra in Section 2.4, and information foraging theory in Section 2.5.

2.1 Information Visualization

Information visualization is the use of graphical representations of data to enhance
the ability of users to gain insight from the data [69]. Visual representations allow the
users to understand the data using their visual perception abilities [70]. The essence of
visualization is to display a representation of the data in an understandable manner,
thereby enabling the users to interactively explore and visually analyze the data [67].
Visualization can be thought of as a universal language of communication, as it al-
lows the user to make use of their visual sensory organ to perceive information [69].
The visual variables that are commonly used in information visualization consist of
position, mark, size, brightness, colour, orientation, texture, and motion [69]. The
visualization is based on a number of principles that describe how humans perceive
patterns and relationships. These principles are based on the colour theory, Gestalt
School of Psychology [64], and pre-attentive processing [25].

An important aspect in the design of an information visualization tool is the
understanding of colour theory. This is a very important visual encoding in a visual-

ization. The abuse of colours can result in a visualization that is not informative [66].



Visual encoding of a colour scale is based on the opponent process theory [70] and
perceptually ordered colour scheme [69]. The opponent process theory is where six
primary colours are organized as opponent pairs along three axes: black - white, red
- green, and yellow - blue [30]. This colour scheme is suitable for encoding number
values that have a range of positive and negative values, when used with care. This
is also suitable for qualitative data as the distinction between objects is quickly rec-
ognized [70]. For displaying numerical values that grow or decrease monotonically
requires the use of a perceptually ordered colour scale [66, 70].

The Gestalt School of Psychological developed a set of abstractions for how the
human brain perceives patterns and relationships of interest in information visual-
ization and those that imply relationship, including proximity, similarity, and con-
nectedness [40]. The law of proximity allows the collection of objects that are placed
together to be perceived as a group [40]. The law of similarity allows that the objects
which are visually similar (colour, shape) to be perceived as a group [59]. The law
of connectedness allows the user to perceive objects that are connected by visual at-
tributes as related, and those object not connected by visual attributes are perceived
as not related [64].

Image interpretation is done in parallel with the human perception and as such
supports pre-attentive processing [25], which is the subconscious assimilation of in-
formation from visual artefacts. Pre-attentive processing allows the user to use visual
features to identify objects at a glance. In contrast, textual interpretation requires the
use of focused attention. The goal of a good visualization to support the involuntary
use of pre-attentive processing to facilitate the quick interpretation of the visualiza-
tion. For all visual stimuli that users can pre-attentively processed, this process takes
place in parallel in our brains. By contrast, for things we need to attend to, are
proceed serially thereby resulting in the use of focused attention. Visualization is de-
ployed in cases where relative comparison is more desirable than absolute judgement,
because the human visual system has evolved to be adept at relative comparison of
objects [69].

Visualization is an art that has been practised from medieval times [66, 67].
The celebrated work by Charles Joseph Minard in 1861, shows Napolean’s march
to Moscow [67] in Figure 2.1. Napolean’s march [67] is represented by a chart which

consists of a map and subplot that shows the temperature at specific locations during
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Figure 2.1: A chart that shows the Napolean’s march to Moscow [67].

the retreat. The viewers can see the number of soldiers that are alive in different
geographical locations and months of the year. The physical location of the army is
shown on the map and the month of the year as shown in Figure 2.1. The users view-
ing the chart can develop a sense of the weather conditions and distance travelled,
which can explain the reasons for the deaths. Alternatively, this information can be
represented in textual form such as a news report. However, it cannot be understood
with a glance as it requires focused attention to read through the documents. There is
also the problem of understanding the relationship between the location and weather
conditions in the textual document. The information density of an image is greater
than that of a textual document [67]. This information can be understood with a
glance at the chart. This chart can provide situational awareness about events in the
battlefield.

The problem of information overload which occurs due to the high volume of
the data generated in a number of domains [63]. Information visualization provides
the ability to summarize the data thereby reducing the severity of information over-

load [35]. Visualization can allow for visual overview of the information that give the



users a high level understanding of the data.

There are issues that arise in visualization which include distorting the data, visual
clutters, and lack of understanding of colour theory. This can happen when the scale
of different dimensions in the chart is altered to present misleading information [69].
The designer should avoid visual clutters which burdens the cognitive abilities of
the users [67] using the principles of information visualization. Furthermore, the
visualization should be done using a suitable colour coding scheme based on colour
theory [25]. Colour is an important visual attribute that can be used to encode the

data.

2.2 Dashboards

A dashboard is a compact visual representation that shows the information at a
glance on a single screen [18], thereby allowing for situation awareness and monitor-
ing. Due to the single-paged requirement of a dashboard, the visual representation
must make efficient use of the display space. The dashboard interface has a design
goal of supporting a high data-ink ratio [18] to emphasize the information on dis-
play, thereby enhancing the information content of the compact representation of the
data. Coordinated views [16, 57] are a convenient way of representing the relation-
ship among a number of different visualizations of different attributes of the same
dataset, thereby allowing the allowing the user to simultaneously explore the various
dimensions of the data. An application of coordinated views is for making interactive
small multiples [18], which is suitable for the visualization of high dimensional data
in small display area, thereby facilitating the understanding of the data by linked
brushing and selection [34].

The dashboard provides a visual display that can allow the user to monitor infor-
mation at a glance thereby providing situational awareness of the data. The single-
paged requirement requires compact representation that provide information that
meet a set criteria. The dashboard can be made to be customizable to provide support
a wide diversity of users. The dashboard provides the most important information
by highlighting them using visual variables to draw the attention of the users [18].

An example of a dashboard is shown in Figure 2.2 which is designed for web

marketing analysis that displays the frequency of visits at specified times in the



MTD Compared to Target

Visilors — |
Orders

=g s v _Help

Percent of Total Visitors Today
Regisiered =

Repeat ———

40% x%
0% 0%
0%
0% -20%
0% ~ =
0% 0% = o 40

Ap My Jn J Au Se Oc No De Ja Fe Ma 1 2 3 4 5 6 7 8 9 10 1 12

2004 2005 Days 50 far this month

Last 30 Days Top 10 this Month by Revenuve  Revenue % ewed % | .
0 & & Product 1

— Skirt - Business Casual - Black 1 27%  Shirt - Oodord - White
= Shirt - Ouford - White 1 24%  Skirt - Pleated - Beige
— e Shint - Oicford - Blue 1 22%  Skirt - Business Casual - Black
—— Men's Pants - Chino- Beige 1 7% Men's Pants - Dross - Black
— e Blouse - Business Dress - White 1 4% Men's Pants - Ching - Beige
=" Shirt - Fitted Dress - White 1 13% Men's Pants - Dress w/ Cufts - Blue
—— Mon's Pants - Dross Cuffs - Black 1 2 amen's Pants - Dress - Black
————. Women's Pants - Chino - Beige ] 1
—e= St - Pleated - Baige I 0
—— Dross - Summer Casual - White ] 10% Men's Pants - Outdoors - Brown

Referral Refarral % Since Average
Last 12 Months Top 10 Referrers this Month Count of Total ¥Yraigo Revenus$ Product 1
——— g0l SAOHINGOONNECTION CO 1.103 % Men's Pants - Dress - Blue
e ———— www.gttithere com 782 15% 43 Skirt - Pioated - White
———, W BN EWEAT COM BAR 13% ) 1% Dross - Businoss Casual - Boge
T ——— W DI COMT 413 8% L 2 L Women's Pants - Dress - Brown
— e, WWW,IODKNGHUTthET GO 330 % 3 52 1% Dress - Summes Casual - White
—— www.Cheapsiull.com 01 % 2 1%  Men's Pants - Dress wi Cutfs - Tan
e WWW._Dargainbasement com 297 &% 9 % M - Dvess - Black
N e WWW.dTESSTORSUCCESS COM 239 59 < 2% Dress - Formal - Blue
— W TEIEXWEBET COM 174 » 3%  Shin - Fitted Dress - Blue
=S~ www.nobrainer.com 168 33 -5 %  Shirt - Sport Tee - Brown

Figure 2.2: An example of a dashboard [18§].

"1 234 567 89 0N

12 13 4
Houwrs 5o far today

Product 2

Mean's Pants - Chino - Tan

Blouse - Business Dvess - Whate
Biouse - Business Dress - While
Shirt - Fitted Dress - White

Shirt - Oufiord - Blue

Shirt - Fitted Dress - White
Blouse - Business Casual - White
Shoes - Sandals - White

Blouse - Business Casual - Blue

Shirt - Outdoors - Baige

Product 2
Shint - Sport Tee - Black
Casual - Brown

Waom s Sweater -

Blouse - Business Dress - Black
Blouse - Business Casual - Black
Shoes - Pumps - Blue

Shirt - Fitted Dress - Blua
Blouse - Business Casual - Black
Shoes - Pumps - White

Men's Pants - Jeans - Blue

Men's Pants - Jeans - Browr

chart. The trend of different products are shown with sparklines and bullet graphs.

The textual representation of the information is written in legible fonts which display

the name of the products and labels for the charts. The analyst can view the health

of the marketing campaign at a glance on a single-paged display.

2.3 Information-Seeking Mantra

An interface that support tasks that involve looking for information by the users

can be designed by using the information-seeking mantra. This is a foundational

principle that guides the design of interfaces that support information-seeking ac-

tivites [63]. The mantra states “overview first, zoom and filter, then details on de-

mand” [62]. The mantra supports the searching of documents to identify the hidden

10



patterns in the collection of documents [62].

The mantra is best explained by decomposing the sentence into a collection of
descriptive words as modes. The interface at the “overview first” mode should provide
a visual summary of the data allowing the user to form a mental model to guide his
or her information-seeking activites [14]. The interface at the “zoom and filter” mode
should allow for navigation into varying degrees of aggregation of the data [63]. The
ability to view the visualized data at different resolutions can uncover some interesting
patterns in the data. The filtering operation allows the user to focus on a smaller
subset of the data to identify patterns, because it is easier to locate patterns within
a subset of the data set. The interface at the “details on demand” mode should
allow the users to request either the detailed view or overview depending on the
information-seeking activities [14, 63] of the users.

The information-seeking mantra provides a principled approach to data explo-
ration that works for data using an overview to show the user a high level summary
of the data. The user can select a subset of the data by filtering to show a subset of the
data. The user can change the resolution to view the data at different granularities.
The interface can allow for changing of settings as needed to guide the exploration
process to provide details on demand.

The Flamenco [16] interface is based on the information-seeking mantra shown in
Figure 2.3. The interface supports faceted browsing [28] with hierarchical categories
in order to fine-tune queries. The users can drill down within categories in building up
queries which are user-controlled, thereby providing a step-by-step top-down approach
to generating queries to guide the users towards their information needs. The faceted
browsing functionality enhances the ability of the users to filter the data to obtain a
subset of the data matching set criteria. The default page of Flamenco [16] provides
the overview of the information, thereby allowing the recognition of the facet term,
without the need to recall from memory. The user can zoom into a subset of the data
for focused exploration, when required to display the details of the information on

demand.
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Figure 2.3: The default view of Flamenco browsing interface [28].

2.4 Visual Analytics Mantra

Visual analytics is analytical reasoning based on an interactive visual interface [65].
The core of visual analytics is to perform decision-making based on conclusions that
are derived from interacting with the visual interface [36]. Visual analytics is a mech-
anism that combines the strengths of humans and computers for generating insight
from exploration of the data. The visual analytics mantra is a modification of the
information seeking mantra to support exploration of complex data sets that re-
quires both automatic processing and user interaction to derive insights from the
data [35]. The visual analytics mantra can be stated as “analyze first - show the
important - zoom, filter and analyze further - details on demand” [35]. The focus
of the information-seeking mantra is about resolving the information seeking goal, in

contrast with visual analytics, which is focused on analyzing the data.
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As with previous section, the mantra is best explained by decomposing the sen-
tence into a collection of descriptive words as modes. The interface at the “analyze
first” mode should involve some preprocessing which may include data wrangling,
aggregation, machine learning, and statistical analysis which extract meaningful in-
formation from the data. The interface at the “show the important” mode is where
the extracted information is visualized and interesting aspects of the data are high-
lighted for emphasis. At the “zoom, filter and analyze further” mode, the user can
view the data at varying levels of granularity. The system can allows for further
analysis based on the request of the user. This is the phase where the data analysis
occurs as the processing can provide more infromation to the user. The interface at
the details on demand mode should allow the users to request a view with varying
amount of details based on information-seeking activities [63].

Visual analytics is multidisciplinary in nature with ideas from information visual-
ization, statistics, and data mining [35]. This can be applied in several fields where
professionals want to derive insights from complex data sets [7]. Visual analytics
allows the users to confirm the expected and discover the unexpected from the data
set [36], and allows the users to view the relationships between entities in the data
set [35]. Visual analytics differs from information visualization with the inclusion
of exploratory visualization, where analyses are performed at an initial phase and
further analysis can be done on demand to support the decision-making of the user.

Visual analytics is a better approach than a purely automated method for data
analysis. Automated method are appropriate for managing well-defined problems,
conversely, visual analytics is suitable for solving ill-structured problems [7] which are
common in reality and require human intervention to drive the exploration. These
problems require human input to support the task of finding a working solution, which
has neccessitated the need for interactivity in the interface, thereby allowing the user
to support the derivation of insight during the visual exploration. Interaction can be
enhanced by supporting the visual exploration of the data using techniques such as
dynamic projections, filtering, zooming, linking, and brushing [34].

The visual analytics process can be described in three steps, which are prepro-
cessing, summary, and visualization [35]. The preprocessing step include performing
data cleaning, and data wrangling. The summary step involves the use of statistical,

machine learning, and data mining methods to obtain the extraction of information
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Figure 2.4: The sense-making loop for visual analytics [35].

from the data which can be rendered in the visualization stage [35, 36]. Visual ana-
lytics is a process that guides the users to exploring the data in order to gain insight
from the data. This process of sense-making is shown in Figure 2.4, which shows
the relationship between the data, visualization and user. The visualization is done
using the data, while the user explores to understand the data using the visualization
thereby resulting in knowledge for the user.

There is a proliferation of ill-structured problems in real life [7]. Visual analytics
will provide the right framework for solving hard problems where domain knowledge
would be incorporated in the solution. The versatile applicability of visual analytics
requires knowledge from multiple discliplines to solve hard problems [35]. The scope
of disciplines that can be used in visual analytics is shown in Figure 2.5

The VisGets [16] interface is an example of a visual analytics tool which consists
of a bar chart, map, sliders, and word clouds as shown in Figure 2.6. The user can
get the location from the map, and make a connection to the actual term in the
word clouds. The slider allows the filtering of the data based on the time extent.

Multiple coordinated views can allow the user to explore the data through different
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Figure 2.5: Multidiscliplinary nature of visual analytics showing the complementary
nature of human and machine [35].

representations, thereby providing the users with an in-depth understanding of the
data to the user. This has been used to enable interaction by linking views to allow

for visual exploration of the data.

2.5 Information Foraging Theory

Information foraging theory is useful for developing an information-seeking inter-

face as it is based on the analogy of optimal foraging [52]. The optimal foraging
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Figure 2.6: The VisGets interface [16].
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analogy is a biological phenomenom where an animal scavenges for food in a field.
The animal tends to continue searching for food in the field until a point is reached
where it is counter-productive to continue searching for food in the same field. The
animal has to make a decision to leave the field in search of greener pastures as the
point of diminishing returns is reached in the current field.

Information foraging theory can make use of the enrichment versus exploitation
tradeoff. The enrichment is the process of moving from one patch to another. The
exploitation is the process of maximizing the amount of food that can be grazed
in the given patch. The animal must optimize to obtain a sweet spot between the
enrichment and exploitation of a given patch. The users can minimize the cost of
going between patches, while maximizing the amount of food that can be found on a
patch [52, 53].

Animals use scent to guide them to food sources. Humans make a prediction
about expected benefit, before choosing an exploratory path. The animal can follow
the scent to the food source. Information scent is the property of an item that attracts
the attention of the user to the source. This involves moving to a productive patch
with the abundance of food [53]. Information flow can follow the patch model, where
the data is clustered in some area and the users can navigate to the patch to find
what they need. The animal has to make the decision whether to continue grazing on
a patch or to move to the next field with the hope of getting more food [52], where
the scent can show the amount of information in the patch.

The foraging of animals can be likened to user performing task in an interface.
People adjust their behaviour with the aim of absorbing maximal information with
minimal effort [53]. The interface should be designed to support information-intensive
tasks [53], as users wander in the direction of their loosely defined goal [52]. There
is a tradeoff between cost and benefit which is evident in the interface [52, 53]. The
organization of the information on the interface can influence how the user can search
for information. The user can become frustrated if they cannot fulfil their information-
seeking needs and may move to use other interfaces that better suit their needs. The
users decide on the use of an interface if the benefits outweight the cost of use.

Information foraging theory is aimed at directing the users to the source of the
information by understanding the relationship between people and the information

environment and designing better ways to search for the information. It studies
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how people interact with the information system as they proceed in achieving their
information-seeking needs [53]. This allows for the creation of a model to predict the
behaviour of people seeking information. The best interfaces are those that provide
visual cues to the user about what they can expect by following a particular path
when analyzing the data [52].

The best interface should allow the user to maximize the amount of information
consumed with limited effort. The user considers the cost of finding and analyzing
the information on the screen [53]. The information scent analogy can be used to
describe how an interface supports the users in their tasks. The scent is imperfect
information which can be likened to the process of reading a textbook. The table of
contents can be the scent that guides the user to reading the needed sections for a
given task.

Let us consider the news interface shown in Figure 2.7; the list of news item are
the “information scent”. The interface provides visual cues in the form of information
scent to guide the users by directing them to click on the news links that are relevant
to their information-seeking goals. The designer of the interfaces ensure that the news

can be quickly read with minimal effort.
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Chapter 3

News Interfaces

News interfaces are medium for displaying the news items on a screen, which con-
tain visual representations of the news stream. There are different types of interfaces
for displaying news with a number of benefits and limitations. The ideal choice of
news interface should suit the single-paged constraints of the news dashboard, which
requires an interface with high information density to represent information in a com-
pact form. The knowledge of existing news interfaces have motivated the design of a
novel interface that provides a compact representation of the news stream.

The news interfaces discussed in this Chapter include list-based interfaces in Sec-
tion 3.1, timeline-based interfaces in Section 3.2, map-based interfaces in Section 3.3,

relationship-based interfaces in Section 3.4, and matrix-based interfaces in Section 3.5.

3.1 List-Based Interfaces

An example of list-based representation is shown in Figure 3.1, which shows the
news content that is filtered according to top stories organized in a list. This interface
allows for personalization as the user can filter the news by locations and languages.

List-based interfaces are common in popular news media such as BBC [1], CBC [2],
and Google News [3]. The news items are organized according to different themes in
a list. Despite their popularity of the list-based representation in mainstream media,
the problem of occlusion remains in these news interfaces. It occurs as recent news is
overlaid with old news in a frequently updated news stream, which occurs when the
list-based representation is used as the primary means of news visualization.

The list-based display is static, providing limited ability for the users to interact
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Figure 3.1: Google News website showing the list of the news [3].

with the news item. Due to the display constraints of the news dashboard, this may
require hardcoding the number of news items to be displayed per page to keep the
user focused on the subset of the explored news.

The list-based representation provides an intuitive way of sequentially organizing
documents in a list. This interface can become problematic for the limited display
space of a dashboard due to the large amount of screen space required for showing
the news items. As more news becomes available, a scrollable list is required, which
result in the user having difficulties in finding correlations between the current news
in view and the updated news in the scollable list.

The list-based visualization is not suitable for showing the relationships between
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Figure 3.2: ThemeRiver (showing the thematic changes in the news stream) [23].

the news items. This is because news items can be grouped into a number of subjects,
thereby making it hard to see the relationship between news in different groupings.
Therefore, the list-based visualization is not suitable for uncovering relationships

between the news placed in different groups in the news stream.

3.2 Timeline-Based Interfaces

An example of timeline-based visualization is shown in Figure 3.2, which shows
the frequency of topics in different days of the month. This shows the collection
of news about earthquakes between the months of May 1990 and July 1990. The
timeline shows the popularity of topics related to earthquakes in a collection of news
articles.

The timeline-based representation provides a simple way for displaying the news
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content of the news stream based on timestamps. There are interesting trends in the
data that will show up in the visualization due to the temporal aspect of the data.
This can show how different items in the data are related by visual comparison of the
trends.

There are examples of the timeline-based visualization systems that show the
thematic changes in the collection of the document such as ThemeRiver [23] and
TIARA [71]. There are a number of methods for event-based visualization and de-
tection using the temporal aspect of the data. These include CloudLines [41], Lead-
Lines [17], and the Stanford dissertation browser [13].

This interface type is ideal for showing the temporal nature of the news stream [23].
There is a limitation in timeline-based interfaces where the less frequently occuring
topics are not clearly visible when overlaid with other more frequently occuring topics
due to their small width in the chart. This limitation results in overemphasizing the

more frequently occuring news at the expense of less frequently occuring news.

3.3 Map-Based Interfaces

An example of map-based visualization is shown in Figure 3.3, which shows the
news with the context of the location using a map. This give the user awareness
about the location of the news item.

The location of the news can be used to enhance the news visualization by giving
users the ability to understand the news in the context of the locality. This can
give the users the impression of the events happening in specific locations. A news
application that uses this approach is NewsStand [61], which allows people to search
for news using a map-based interface.

The users can perform both location-based and feature-based queries on the data
rendered on the map [61]. A location-based query is a method of querying where the
coordinates are provided and all the news matching the coordinates that are returned
to the users [61]. The feature-based querying is a transformation of the location-based
querying where the news are supplied and the system returns the locations matching
the query [61]. The collection of news items emanating from different locations can
show interesting behaviour that can reveal hidden patterns in the news stream [47].

There are a number of known issues with map-based interfaces. The reliability
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Figure 3.3: NewsStand (a map-based interface) [61].

of the location attribute of the news comes into question. The location may refer
to any of the following: the location of the journalist at the point of writing the
news, the location of the news publication, and the location derived from named
entity recognition of the news textual content. There is also the problem of occlusion
when there are overlapping news items that make the news underneath the top layer

inaccessible to the user.

3.4 Relationship-Based Interfaces

An example of relationship-based visualization is shown in Figure 3.4, which shows
the relationship between multiple facets in a collection of documents. This tool shows
the relationships between entities in different documents.

News streams are known to be a rich source of entities [49], where the relationships
can be more important than the individual news items for visual analysis. These
relationships between entities can provide a valuable source of information. The

visualization of the relationships between entities in the news stream can reveal hidden
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Figure 3.4: SolarMap (showing the relationship between entities in the collection of

documents) [10].

patterns in the news stream, which can facilitate the realization of insight from the

data.
There has been work done in the area of relationship-based interfaces which include

FacetAtlas [11], SolarMap [10], and Hierarchical Chords [38] which provides a method
for visualizing the relationship in the data set with hierarchical structures. This can

show the relationship between metadata which can be very informative.
The relationship between each news in the news stream can create a complex

graph-like structure, which can become messy and result in visual clutter which could

result in a bad visualization. This requires interactivity for the user to understand the
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Figure 3.5: News stream visualization based on a matrix-based interfaces [42].

information presented in the relationship-based visualization. The relationship-based
interfaces can show the news that contains the same information, thereby allowing

the users to make the connection between the news item in the news stream.

3.5 Matrix-Based Interfaces

An example of matrix-based visualization is shown in Figure 3.5, which shows the
compact representation of the news stream. This provides an effective visualization
of a collection of documents.

The matrix-based interface is suitable for visualizing large collections of documents
due to its compact representation. An example of a matrix-based news interface is
the Galaxy of News [56], which allows for succinct representation of the data using
small display space. Matrix-based visualizations have high information density, which
makes them ideal for the single-paged constraint of a dashboard.

The matrix-based visualization has inspired the design of modern news visualiza-

tion systems for users that show the evolution of concepts within the data stream by
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aggregating the group of news into article threads [42]. Research by Hearst shows that
despite the intuitive nature of the matrix-based interface, it has not been proven to
enhance the ability of the users to understand the data [27]. Therefore, the usability
has to be enhanced by the inclusion of interactivity to support data exploration.
The matrix-based visualization is compact and commonly used for visualization
of a collection of documents. However, the elements on display may not be obvious
to the end users especially when the news stream is sparse. The visualized object on
the display can be enhanced by means of visual boosting [51] to draw the attention
of the user to certain news in the news stream. The matrix-based representation is
used to make a compact visualization of the news stream in a small display space of
the news dashboard. This was used for visualizing the news showing the temporal
evolution of the news. This interface can allow the user to see and understand the

trends in the news stream.
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Chapter 4

Design and Implementation

This Chapter discusses the steps in building a news dashboard that meets the
needs of the users utilizing the theoretical foundations and frameworks discussed in
Chapter 2. A discussion of the properties of a news stream that influenced the choice
of appropriate preprocessing methods suitable for the work is provided.

The Chapter is organized into different sections, where the user’s requirements are
discussed in Section 4.1, the discussion of the news stream is provided in Section 4.2,
the preprocessing steps are discussed in Section 4.3.1, the description of the features of
the news dashboard are discussed in Section 4.3, and use of the theoretical foundations

are discussed in Section 4.4.

4.1 Requirements

This section describes the tasks to be supported by the news dashboard based on
an informal task analysis performed among three friends and colleagues in their mid-
twenties, and as such the results may not be generalizable to the entire population.
However, as the people who use the Internet as a source for news are young adults, the
task analysis would generalize to the intended audience of users for the dashboard,
and as such supported the development of functionalities that can allow the user to
see the value in the use of a news dashboard to explore news streams. The user in
this requirements is named “Jane”, who works as a top-level executive in a software

company.
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Requirement 1: Users want a visual summary of the news stream

Jane wants to obtain a visual overview of the news stream without the need to
read through the textual data of the news. She may also want to see at what
times of the day are news about a person, topic, and organization occuring,

which may show hidden patterns in the data at a glance.

Requirement 2: Users want to read the news item alongside the

related news, and breaking news

Jane is interested in reading news, breaking news, and related news. Jane sees a
news item about the Paris attack. She would want to be notified that the news
is a breaking news given that it is a rare event. Jane would also like to follow up

on the development surrounding the Paris attack in the form of related news.

Requirement 3: Users want to filter by persons, topics, and organi-

zations

Jane wants to filter for news about certain entities in the data stream. However,
if Jane wants to see all the news about “Larry Page”, then she will filter by
person. The retrieved result would contain all the news matching the query
criteria. Jane can filter the news stream by organization. For instance, if Jane
wants to see all the information about an organization named “Google”, then

Jane can see all the news about the entity in the news stream.

These requirements can be satisfied by using the principles and theories previously
discussed, include information seeking and the visual analytics mantra to guide the
design of a news dashboard [18] that supports data exploration. The design of the
news dashboard is based on theories discussed in Chapter 2. The users can form a
visual map of the news stream by making use of the pre-attentive processing [25] of

the news dashboard.
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Figure 4.1: A data stream management system [55].

4.2 News Streams

News streams are ordered sequences of data with streaming properties. The stream
data may arrive in an unpredictable manner, as the rate of data arrival is beyond the
control of the local system because the data is coming from an external source. The
nature of the data distribution can change with time in a process known as concept
drift [37]. For example, a news stream containing the frequency of topics with time,
may experience change in the data distribution as the popularity of topics changes in
relation to events in the real world.

News streams require stream processing, which is different from the traditional
database architecture where the data are saved in a data store and queried in order
to retrieve relevant results. The traditional database has guarantees on the arrival of
data because they are accessed locally in a database, where the rate of data arrival
is limited by the speed of memory access to the data store. Stream processing is a
convenient manner for handling large data sets that are too big to be saved at once in
memory. A description of a data stream management system is shown in Figure 4.1.
As the data arrives and a summary of the data is saved in a traditional data store,

and the output stream is processed to solve the problem.
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There are a number of challenges that must be addressed in order to effectively

manage data streams, which include the following.

1. Time and space constraints: The data stream model requires algorithms that

are efficient and process data that are not fully stored in memory.

2. Online algorithms: The algorithms for managing the data stream should have a
linear time complexity to guarantee fast processing. This can allow the pattern

in the data to be observed in real-time.

The understanding of the news data is the first step towards designing a news
visualization system. The properties of the news data can provide a justification for
the preprocessing step discussed in Section 4.3.1. This can influence the choice of the
visual encoding that would convey useful information about the preprocessed news

stream.

4.3 Dashboard Design

This dashboard was designed to provide a compact visual representation of the
important information in the news stream on a single screen [18]. The news dash-
board provides real-time visualization of a news stream using the architecture shown
in Figure 4.2. This data was preprocessed by Signal Media Limited in order to ex-
tract attributes (topics, persons, and organizations) which are added as metadata to
the news data. The metadata is used for organizing the display, faceted browsing

interface, breaking news detection, and for finding related news.
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Figure 4.2: System architecture.

The news dashboard was designed using a client-server architecture where the
client-side module is implemented using D3.js [9] and the server-side module was
implemented using the PHP programming language. The client-side module consists

of the visualization display, while the server generates the news data that is sent to
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Figure 4.3: The addition of descriptive labels to the components of the news dash-
board.

the client for visualization.

A screenshot of the news dashboard has been enhanced with the inclusion of
descriptive labels to improve the readibility of this document as shown in Figure 4.3.
The labels are drawn in purple colour which is different from the colours in the
background of the news dashboard in Figure 4.3.

The dashboard has a colour legend for displaying the colour scale that encodes
the frequency of the news in different blocks. Underneath the colour scale is the label
of the month and week to track the blocks, and the news window shows the news
content in Figure 4.4. The set of controls for adjusting the visualization settings to
support custimization of the dashboard which consist of a slider for adjusting time

aggregation, a radio button for grouping to support organizing the interface by a
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Figure 4.4: Default view of the News Dashboard.

person, topic, and organization, and a display of current time of the news stream.

The components of the news dashboard are the following:

Stacked heatmap (Section 4.3.2).
Faceted browsing (Section 4.3.3).
Related news (Section 4.3.5).

Breaking news (Section 4.3.2).

The design of the news dashboard will be discussed using the visual analytics

mantra, which is thus stated as “analyze first - show the important - zoom, filter and

analyze further - details on demand” [35].
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4.3.1 Analyze First

The news stream in the raw form is not suitable for visualization, therefore, it is

converted into a suitable data form by preprocessing.

Preprocessing

The news data has been preprocessed by Signal Media Limited [5] using text
analytics methods. The company has made their preprocessing pipeline known to the
scientific community in form of publications [8, 44, 45, 46] as shown in Figure 4.5. The
company used text analytics methods for identifying patterns from the textual news
data, based on research that draws inspiration from discliplines such as information
retrieval, data mining, and computational statistics.

Signal Media Limited makes use of a cloud-based architecture to perform real-time
processing of news streams from diverse news sources [46]. The company adopted a
flexible pipeline with a “plug and play” philosophy which results in a system that can
be customized with minimal engineering effort [44]. This loosely coupled system was
achieved by the use of a queuing scheme between the processes in the pipeline that
allows for scalability and also modification of a module independently of the total
system [46].

The preprocessing of the data by Signal Media Limited begins by converting the
text into a mathematical representation for further computation. There are a number
of representations such as bag-of-words [60] and probabilistic model [58]. The exact
representation used by Signal Media Limited is not available in any scientific publi-
cation. This is a very important step in preprocessing the data, as it transforms the
data in a form that is suitable for computation.

The company prefers the use of semi-automatic text classification because it pro-
vides the best results based on their experience. Automatic classification is faster
but inferior to human classification [45]. Nevertheless, human classification is ex-
pensive and does not scale with the data. This calls for a tradeoff between human
and automatic classification where humans classify documents that could be mis-
classified by computers [45]. Signal Media Limited’s pipeline utilizes semi-automatic
text classification to combine both human effort with automated methods [45]. The

users have the ability to correct a mislabelled topic or named entity in the form of a
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Figure 4.5: The processing pipeline of Signal Media Limited data [46].

semi-automatic classification of the text.

Signal Media Limited has set forward the vision of building a pipeline that is op-
timized for searching for documents with the ability to perform different queries [44].
The current pipeline allows the users to track news, matching some choosen key-
words and named entities (person, location, and organization) [8, 46]. The pipeline
consist of summarization, named entity recognition, topic modelling, de-duplication,
and clustering [46]. There are different news about the same information from dif-

ferent news sources. The topic modeling module identifies the topics in the news,
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where the topic of a document can serve as a summary of the textual data. The
topics can be used for organizing and searching for a subset of documents from the
total collection. Signal Media Limited has used named entity recognition methods to
identify the entities mentioned in the news data [8, 39]. The entities in the text can
be the names of persons, organizations, and locations [8]. The preprocessing of the
news stream is a very important process because it will not be possible to design a
useful news dashboard without the metadata generated in the procedure. The news
content is labelled with the metadata that include person, topic, and organization
is used to organize the stacked heatmap in a list. The persons and organizations
extracted from the news stream is used to develop the breaking news detection and

related news functionality.

4.3.2 Show the Important

This provides a description of the functionality of the news dashboard that high-
lights the most important aspect of the data. This is because not all data are relevant

to the user’s current information needs, so the relevant data has to be emphasized.

Stacked Heatmap

Given the volume of data in a news stream, it is not feasible to show every news
item in the stream. Therefore, there is a need to use aggregation for summarizing the
news data within intervals into a set of data points. The compact representation of a
matrix-based visualization makes the stacked heatmap an ideal choice for visualizing
the news stream as shown in Figure 4.6. A heatmap is a visual encoding of frequency
or value within a dense structure using colour. The structure could be dictated by
time, but could also be dictated by location in a document such as in TileBars [26]

or list of search results as in HotMap [33].
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Figure 4.6: A description of the stacked heatmap using “Weeks vs Days” time aggre-

gation.

The stacked heatmap provides a 2-D representation of time, where the news stream
is aggregated on the horizontal axis, which represents the width of the element of the
stacked heatmap within the set interval on a macro-level, and organizing the data on
the vertical axis which represents the height of the element of the stacked heatmap
based on a second temporal tier on a micro-level, drawing inspiration from a browsing

history interface called BrowseLine [32]. The stacked heatmap allows aggregated news
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articles to be visually encoded within an element. For example, in the diagram of the
news dashboard showing the time aggregation set to “Weeks vs Days” as shown in
Figure 4.6, the horizontal axis shows the weeks of the month, while the vertical axis
can show the data aggregated by days of the week. This allows the user to see the
news aggregated by days on a week in the stacked heatmap.

The colour of each element of the stacked heatmap shows the frequency of the
aggregated news in the set interval. The number of colours was set in the range of
4 to 6 colours for representing the frequency of the news within each block in the
stacked heatmap. The colours are perceptual ordered [25] where the lighter colours
depict lower frequency of news and darker colours show higher frequency of news in
each elements of the stacked heatmap.

The news stream is filtered by persons, topics and organizations. There are a
stacked heatmap for each terms in the news dashboard. The Figure 4.4 show that
there a one-to-one mapping between each topic extracted from the news stream and
a stacked heatmap. This list of topics consist of “Tax Simplification”, “Legal and

Political”, and “Legal Political” among others.

Breaking News

The detection of breaking news can be solved as an anomaly detection problem.
It is known that every breaking news is important; however, not all important news

are breaking news. There are a few conditions for breaking news.

1. This must be the first occurrence of the news in the collection of news of similar
information content (same persons and organizations). The first report of the

news tends to have higher information content.

2. The breaking news should be relatively new which must be determined within

a set time offset from the current time.

There are different types of anomalous data in time series modeling as shown in
Figure 4.7. The anomaly detection algorithm can be aimed at identifying any of the
signal changes which include abrupt transient shift, abrupt distributional shift, and
gradual distributional shift [12].
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Figure 4.7: Types of signal changes: abrupt transient shift (A), abrupt distributional
shift (B), and gradual distributional shift (C) [12].

Online algorithms are useful for real-time application, as they operate incremen-
tally and do not store historicial data, which is ideal for analyzing the news streams.
The online algorithm receives an input in an incremental manner and makes a de-
cision based on an updated parameter which conveys the current state of the news
stream. This philosophy contrasts with offline algorithms that assume the entire data
is available in memory. The issue with an offline algorithm is that the data may not
fit in memory. The online algorithm should be both time and space efficient.

Anomaly detection algorithms may work in diagnosis or accomodation mode [31].
The diagnosis method identifies the outlier in the data for further processing of the
outlier. The outlier is removed from the data sample so it does not skew the distribu-
tion. This is useful when the exact parameters of the distribution are known, so the
outlier is excluded from further estimation of the parameters of the distribution [31].
The accomodation method identifies the outliers and uses them for estimating the
parameters of the statistical model. This is suitable with data streams that account
for the effect of concept drift [15], as the news varies in relation to world events.

The Probabilistic Exponentially Weighted Moving Average (PEWMA) [12] al-
gorithm works in accomodation mode. The algorithm allows for concept drift [15],
which occurs in news streams by updating the set of parameters that convey the state
of the news stream. Breaking news detection can be solved as an anomaly detection
problem because there are a small number of negative samples and large number of
positive samples. The breaking news data follows the pattern of abrupt transient
shift, which makes the PEWMA [12] suitable as an anomaly detection algorithm.

The breaking news can also be estimated by using the source of the news. The
implementation of the breaking news detection is to generate a time series data of
the number of news sources and the average of the timestamp of every news in the

collection of news of similar information content (same persons and organizations).
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The time series can be assumed to be normally distributed based on the central limit
theorem [24], given that the number of news sources is large. An example of the

breaking news display in action is shown in Figure 4.8.

BREAKING NEWS: US government requests for Google user data jump 120% since 2009

Figure 4.8: The view showing the breaking news in the news dashboard.

The parameters of the anomaly detection algorithm consist of X; the current data,
1 the mean of the data, Xt is the mean of the data, @, the current standard deviation,
P, the probability density function, X;H the mean of the next data (incremental
aggregate), ay1 the next standard deviation (incremental aggregates), T the data
size, and t a point in 7T'. Initialize the process by setting the initial data for training the

model s; = X; and s, = X2, the process can be updated as described in Algorithm 1.

Algorithm 1 Probabilistic Exponential Weighted Moving Average [12]

Require: X;, Xt, ag, Tt
Ensure: P, X;+1, oy 1
incremental Z score
Y
probability density function
P+ Zzt e%
if ¢ < T then
increment standard deviation (training phase)
ap+—1—1/t
else
increment standard deviation
ap < (1 = BPR)a
end if
moving average
s1 ¢ sy + (1 —ay) Xy
S9 ¢+ ayso + (1 — ay) X7
ingremental mean
Xiy1 < 81
incremental standard deviation

~ 2
Qg1 <= 4/ S2 — 89

The news stream is sampled using a sliding window based on the set time ag-

gregation. The processed data is fed to the anomaly detection algorithm with the
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parameter o = 0.98, 5 = 0.98, and 7 = 0.0044. The thresholds are choosen for de-
termining outliers that are greater than 3 times the standard deviation in a normally

distributed data.

4.3.3 Zoom, Filter

This provides a description of the functionality of the news dashboard that sup-
ports the user in focusing on a subset of the data, as the user explores for the infor-
mation that suits his / her needs. The zooming is supported by the use of a slider
that allows the users to zoom in and out of the data to allow for data exploration at

different levels of temporal resolution.

Faceted Browsing

The faceted browsing interface [28] provides a mechanism for multiple filtering of
the data according to persons, topics, and organizations in a hierarchical ordering.
This is a top-down approach where the users can incrementally build the queries that
guide the users in pursuit of their information-seeking goals. The faceted browsing
interface shows the available facets as shown in Figure 4.9.

The design for the news dashboard favours the use of browsing rather than search-
ing for entities because the browsing does not require the use of recall, but rather
recognition from a list of browsing terms will exert less cognitive burden on the users
of the news dashboard.

The user can browse for topics, persons, and organizations in the news stream
using the faceted browsing interface [28]. The user clicks on a facet term to highlight
the matching terms in the stacked heatmap as discussed in Section 4.3.2. Another
click on the same term unhighlights the facet term and unhighlights the elements of
the stacked heatmap. This allows for recognition, rather than recall [50]. The user
does not have to memorize large chunks of text; the interface provides the text for

the user to select based on recognition from past experience.
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Figure 4.9: Faceted browsing interface that shows the list of facet terms.

The available facets can be topics, persons, and organizations depending on the
visualization settings. One of the facets is used to organize the stacked heatmap. The
two remaining facets are used to provide the browsing terms. The browsing terms that
can be used for changing the path of exploration. For example, if the user clicks on the
“Topics” radio button, then the available facets are “Persons” and “Organizations”.

This works similarly for groupings by “Organizations” or “Persons”.
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The facets are shown using a combination of histograms and terms based on the
count of terms in the persons, topics, and organizations. The user can compare
a number of terms in the facets using length with the use of a histogram. The
term count increases in proportion to the size of the list of browsing terms, thereby
resulting in single count terms that are not descriptive of the information in the news
dashboard. This problem has influenced the use of a threshold to determine a suitable
cut-off point. After experimentation, the threshold was set at 30% of the maximum
count of terms in the persons, topics, and organizations in the news stream. The term
count below the set threshold are lexically sorted, whereas those above the threshold

are represented using histograms.

4.3.4 Analyze Further

This provides a description of the functionality of the news dashboard that sup-

ports the further analysis of the data during the visual exploration of the news stream.

Interactive Exploration of News Stream

A change in the temporal aggregation during the process of visual exploration
would result in the recomputation of the stacked heatmap. This results in showing
the temporal trends of the news streams that may not be visible in the previous time
aggregation settings.

The radio buttons of “Group By” is a component of the dashboard controls which
consist of “Topics”, “Persons”, and “Organizations” buttons. A click on the any radio
button would organize the display of the stacked heatmap in a list, after the news
stream has been filtered by the label of the clicked radio button. The remaining two
unchecked radio buttons are used for designing the faceted browsing interface.

A click operation on the “Read Related News” link will retrieve all the news items
that share similar information, thereby providing a context of the current news on
display. This can provide a further analysis of the current news on display. This is
fully discussed in Section 4.3.5.

A scrolling operation on the news text window highlights the matching elements
of the stacked heatmap. A click operation on the stacked heatmap loads the news

text window and adds a bounding box on the cell of the clicked stacked heatmap.
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4.3.5 Details on Demand

Not all relevant information are useful at every step in the exploration of the
news stream. This provides a description of the functionality of the news dashboard
that allows the user to access the data only when it is required, thereby making the

visualization space available for satisfying the current information needs.

Related News

The news dashboard allows the users to explore the news in relation to relevant
past news. The news stream is aggregated using a sliding window based on the set
time aggregation. The users can see the relationships between the current news and
past news by reading the news that are related to the news on display. This can give
the user a overview of the news about a collection of news with the same information.
The related news functionality shows the current news in relation to past news about
similar information as shown in Figure 4.10. The news window labelled “A” show
the default view, the click on the “Read Related News” expand to show the related
news in news window labelled “B” in Figure 4.10.

Galtung et. al. developed the earliest model for estimating the newsworthiness
of a news item based on the named entities [19]. The newsworthiness model was
improved by the work of Harcup and O’Neill [22]. This motivated the creation of a
gazette list for estimating newsworthiness. The gazette list consists of the names of
the leaders of countries, wealthy individuals, popular actors, musicians, athletes, and
popular organizations. This is an intuitive way of measuring the importance of the
news data in real-time because people are interested in news about popular entities.

News about the same person and organization is called a collection of news about
the same information. Each datum is grouped into a list based on similar information
content using locality sensitive hashing [20]. This is used for grouping items that are
similar into the same bucket; dissimilar items are placed in different buckets. The
news in the window is aggregated into a list of news containing similar information.

The collection of news about the same information (same person and organization)
are the related news which can be displayed in news window which shows the title,
content, source, URL, and date. This could be beneficial information to the user.

The title gives the context for the new content. The URL is provided to allow the
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Figure 4.10: The view showing the related news feature in the news dashboard.

user to check the action news content if the user decides to verify the news before

viewing it from the source.

4.4 Theoretical Foundations and Interactions

The section discusses how the theoretical foundations in Chapter 2 were employed
for designing and using the news dashboard. The principles of dashboard design and
visual analytics are the guilding principles for developing a news dashboard that
supports the visual exploration of the news stream. Information foraging theory
describes how the users utilize the news dashboard to meets their information needs.

The fundamental principles are discussed as dashboard in Section 4.4.1 and infor-

mation foraging theory in Section 4.4.2.

45



4.4.1 Dashboards

The dashboard makes use of a matrix-based visualization to show the frequency
of the news within a set time interval. The dashboard ensures that the most relevant
information is visible when needed. The user can see at a glance the popularity of
the persons, topics, and organizations in the news stream based on the pre-attentive
processing of the stacked heatmap.

The breaking news is placed in the center area of the topmost control, directly
below the title of the dashboard. The breaking news is animated to avoid change
blindness [25], which could occur if the breaking news were stationary. The animation
directs the attention of the users to the breaking news on display.

The scrolling operation on the news window highlights the stacked heatmap until
the next update of the news stream. The click operation on the element of the
stacked heatmap loads the news window and adds a bounding box on the element
of the clicked stacked heatmap. Hovering over each element of the stacked heatmap
displays a tooltip that shows the list of titles of the news aggregated in the given time
range. A click on the element of the stacked heatmap loads the news window. The
stacked heatmap is highlighted using a bounding box over an element of the stacked
heatmap. The choice of the highlighting colour is also based on the distinguishability
of colours [25]. The highlighted bounding box should be clearly visible from the
background of the news dashboard.

The dashboard provides real-time visualization of online news stream; in addition,
the user can pause the incremental nature of the visualization to allow for detailed
exploration of historical news data. The news interface allows the grouping of the
news by either topics, persons, or organizations by clicking on a labeled radio button.
The user can resume the visualization using the current time by unchecking the radio

button.

4.4.2 Information Foraging Theory

The use of information foraging theory was aimed at enhancing the usability of the
news dashboard. The design of the interface has supported the user to maximize of
the utility of the news dashboard, allowing the users to pursue their goal of managing

information-intensive tasks in the news interface.
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The user can perform quick scanning of the interface to get an overview of the
data. However, If the user decides to read the news about a term, then the user can
click on the facet term on the interface. The faceted browsing allows the user to find
news using recognition rather than recall [50] to form a mental model of the news
stream. This automatically extract terms that can be used for browsing for more
information. The interface provides the user with multiple paths of exploration. The
user can decide to continue exploring through the interface in search of his/her goal
or decide when to stop if it does not make sense to continue exploring, in connection
with the enrichment versus exploitation tradeoff as discussed in Section 2.5.

The dashboard is designed with the navigation within the temporal aggregation
by the use of a slider that allows the users to zoom in and out of the data to allow for
data exploration at different levels of granularity which include “Months vs Weeks”,
“Weeks vs Days”, “Days vs Hours”, and “Hours vs Minutes”. The interface allows the
grouping of the news by topics, persons, and organizations by clicking on a labeled
radio button. For example, if the user clicks on the “Topics” radio button, then
the available facets are “Persons” and “Organizations”. This works similarly for
groupings by “Organizations” or “Persons”.

The highlighted linking between the stacked heatmap, faceted browsing interface,
and news window directs the attention of the users to the source of the news. This
occurs when the facets are clicked, as there is highlighting of the matching elements
of the stacked heatmap to draw the attention of the user to the news. The news
dashboard has been designed to allow the users to see the connectedness between
the news window, stacked heatmap, and faceted browsing interface. This was made
possible by the use of multiple coordinated view, where the users can understand the
visualization as a whole, instead of a collection of individual visualizations using the
Gestalt Principles of proximity and similarity.

There are a number of information scents emanating from the news dashboard.
These consist of the breaking news indicator, related news link, and histograms in
the faceted browsing. The breaking news indicator can serve as an information scent
to guide the user to reading the news by clicking on the indicator. The related news
feature can provide more information about the news on display. The histogram on
the faceted browsing interface tells the user how much they can find by following an

exploratory path.
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The highlighted portion of the news interface also serves as information scent.
They provide visual cues to the users as they explore for news in the dashboard.
The users will follow the scent provided to the news in the stacked heatmap on a
click. These interactions that are supported in the news dashboard are summarized
in Table 4.1.

Table 4.1: Set of Interactions

Object Operation Result

Each element of the stacked heatmap | click Open up the news window.

Top corner of stacked heatmap click Deletes the row of stacked
heatmap.

Facet terms click Highlights or unhighlights

the facet term. Highlights
or unhighlights the stacked
heatmap thereby filtering

the news stream.

News window click and scroll | load windows and highlights

the stacked heatmap

The theoretical foundations have inspired the design of a news dashboard that
support the ability of users to interactively explore news stream. A number of sce-
narios that describe how users can benefit from using the news dashboard is shown
in Chapter 5.
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Chapter 5

Case Studies and Discussion

In order to show the usefulness of the news dashboard in comparison to Google
News [3], a number of scenarios are provided to highlight the potential benefits of
using the news dashboard. The news dashboard makes use of a simulated news stream
derived from data provided by Signal Media Limited [5] . However, the comparison
of the two news interfaces can be done using data sets with similar information, as
the news articles are discussing the same world events. The scenarios of the news
dashboard in Section 5.1 are discussed, leading to the description of scenario using
Google News in Section 5.2, and concludes with the discussion of the merits of using
the news dashboard as opposed to Google News in Section 5.3.

The aggregated news from a number of news organizations, as curated by Signal
Media Limited [5], is filtered to extract the news that provides information about
business-related events in the world. The recurring themes in the news include: the
state of the economy, taxation, legal implications of business decisions, stocks, firm
acquisitions, and business opportunities among others. The intended consumers for
the aggregated news are business executives, who want to know about the news on
financial market conditions.

The collection of news aggregated by Google News comes from a number of news
organizations. This accumulated news data contains information about diverse cat-
egories of news. The Google News website provides information about the state of
events in the world to the readers. The intended consumers of the aggregated news
are users of all ages, who have familiarity with basic use of computers.

The user in this scenario is named “Jane”. She is a top-level executive in a software

company that specializes in producing software applications for mobile phones. Jane
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reads the news in order to understand the market and incorporates this as part of
her daily routine. The information from the news can provide latest trends, which
can help her decide on which platform is the most profitable for creating platform-
specific software. Understanding trends in the news stream is crucial to a complete
comprehension of the market forces. The news dashboard is ideal for market analysis
as it provides instant information about trends in the news stream. It also provides
a visual summary of news stream about business-related events. Jane is trying out
both the news dashboard and Google News in order to decide which is best suited for

her information needs.

5.1 News Dashboard Scenario

The dataset for the news dashboard is a collection of news between February
and August, 2014. The total number of news items in the collection is 1008. The
visualization settings include the time aggregation set to “Weeks vs Days”, grouping
the news by “Topic”, with the current time being August 17, 2014 at 00:00 hours
GMT as shown in Figure 5.1.

Jane is trying to see the current market trends after a day’s work. She opens up
the news dashboard to get situational awareness of the market by exploring the news
stream. She proceeds to view the compact representation of the news stream in the

form of a visual summary as shown in Figure 5.1.
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Japan Corporate-Tax Cut Plan Spells Pain for Smaller
Businesses

May 2 (Bloomberg) -- Prime Minister Shinzo Abe s
efforts to lower Japan s corporate tax rate are
increasingly set to include steps to ensure more
businesses pay at least some levies, a move that
endangers the survival of a swathe of smaller firms.
Abe, who stepped up political pressure for a cut with a
January speech in Davos, Switzerland, faces opposition
to the move among lawmakers concerned at the hit to
fiscal revenue in the nation with the world s biggest debt
burden. Government advisers are floating making
companies pay taxes on capital and salaries, in addition
to profits -- currently only applicable to those with
capital exceeding 100 million yen ($980,000). The
compromise could help reduce the impact of reduction in
the effective corporate tax rate, which Deputy Economy
Minister Yasutoshi Nishimura this week said the
administration wants to implement next year. At the
same time, it augurs pain for profitless businesses that
have kept going in part thanks to expansive monetary
policies dating back to the late 1990s.

AL f ane q A

Figure 5.1: The default view of the news dashboard.

The initial assessment of the news dashboard by Jane shows the stacked heatmap

has visually encoded the popularity and distribution of news about various topics

which include “Tax Simplification”, “Legal and Political”, “Legal Political”, “Tech-

nology Trends”, “Minimum Wage”, “Mergers and Acquisitions”, “Taxation” on a

single-paged display, as shown in Figure 5.2. As Jane is seeking to understand the

trends in the news stream, she experiences the frustration of the current tax declara-

tion process that is overly complex. She picks up interest in the story about attempts

by the government to simplify the tax declaration process and proceeds to explore

the news.
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Figure 5.2: The view of the news dashboard excepting the news window.
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Jane observes the topic “Tax Simplification” in the stacked heatmap, where the
she can tell at a glance that there is no discussion about this in the media until the
month of June 2014. This can allow her to make correlations between external events

in the real world, and understand how the topic became of interest during the month
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Tax
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Figure 5.3: The news dashboard showing the topic “Tax Simplification”.

as shown in Figure 5.3.

Jane become attracted to the stacked heatmap, which is the most popular topic

named “Legal Polical” in the news stream. The visual encoding can show the topic,

which occurs more frequently due to the number of elements of the stacked heatmap

that is coloured different from the white colour in the background as shown in Fig-

ure H.4.

Jane is also attracted to the list of facet terms as shown in Figure 5.5 and uses

the faceted browsing interface in the news dashboard.

Legal
Political

Figure 5.4: The news dashboard showing the topic “Legal Political”.
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Figure 5.5: The list of terms in the facets.

She is interested in software companies that produce mobile phones because she
is an executive in a software firm. She decides to browse for the term “Apple”, where

she then clicks the term in the facets named “Organizations” as shown in Figure 5.6

The faceted browsing provides a mechanism for visual browsing of the stacked
heatmap to see the news, in relation to other news, in the stream as the matching
elements of the stacked heatmap are highlighted as shown in Figure 5.6. Jane can see

that “Apple” is a very popular entity that occurs very frequently in the news stream.
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heatmap to view the news window.

Jane makes a close examination of the element of the stacked heatmap on June

proceed to open the news window for further exploration.
“Apple” is loaded with the title “EU takes on Starbucks Apple tax break”, which

Group Mar May Jun

Tax
Simplification

Legal and
Political

Legal
Political

Technology
Trends

Minimum
Wage

Mergers and
Acquisitions

Taxation

Figure 5.6: The list of terms in the facets and stacked heatmap, when “Apple” is
clicked in the facet.

She can proceed to read detailed information by clicking the element of the stacked

12, 2014, with a topic named “Tax Simplification”. Showing the tooltip of titles of

news in the elements of the stacked heatmap as shown in Figure 5.7, she can then
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EU takes on Starbucks Apple tax break

BRUSSELS: The European Union launched a probe
yesterday to determine whether the special tax deals
offered to Apple and Starbucks by authorities in Ireland,
Luxembourg and the Netherlands amount to illegal state
aid. In the current context of tight public budgets, it is
particularly important that large multinationals pay their
fair share of taxes, EU Competition Commissioner
Joaquin Almunia said. Apple and Starbucks as well as a
number of other multi-national companies including
Amazon and Google have come under intense pressure
from politicians and campaigners over their tax affairs.
The tax policies ruling the financial arm of Italian
automaker Fiat, based in Luxembourg, is also included
in the probe.

Qatar Peninsula Jun 12, 2014 3:49 AM
Read news from source

»Read related news

Figure 5.7: Screenshot showing the tooltip of the news stream.

discusses government scrutiny over the tax practices of the Apple company. The

next news article on the text window is titled “Iphone 6 vs. Galaxy S6: Smartphone

Heavyweight Showdown - ValueWalk”, which describes the marketplace competition

between Samsung and Apple.

Jane explores the news on the dashboard, and decides to change the time aggrega-

tion from “Weeks vs Days” to “Days vs hours 7, thereby allowing her to obtain a daily

report of the news. Shortly after making this changes in settings. She is attracted to

the breaking news that pops up about “US government requests for Google user data

jump 120% since 2009”. Jane cares about the security of the users using her firm’s

software, so she clicks on the breaking news indicator to view the news to get a full

understanding as shown in Figure 5.8.
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Dominic Rushe in New York theguardian.com, Thursday
27 March 2014 11.00 EDT Jump to comments ( )
Google, Facebook, Microsoft, Yahoo and others have
been pressing the US for greater transparency in the
wake of Edward Snowden's revelations. Photograph: AP
Requests from the US government for information about
Google customers have increased by about 120% since
the company first began publishing the numbers in
2009, the tech company said Thursday. Google s latest
transparency report looks at requests by government
agencies worldwide in criminal cases in the last six
months of 2013. Google published a separate report in
February about orders made during US national security
investigations.

From July to December last year, US authorities made
10,574 requests for information about 18,254 accounts,
the most of any country. France made the second most
requests, with 2,750 requests for information about
3,378 accounts. The report revealed that: Germany
made 2,660 requests for information about 3,255
acconints Tndia made 2 5173 renuests nr informatinn

Figure 5.8: Screenshot showing the breaking news on display.

Jane identifies on an element of the stacked heatmap that is of interest, and clicks

on it. This default view of the news in display is shown in the Figure 5.9 labelled

“A” which discusses “unfiled taxes and refunds”. She can proceed to read the news

that are related to the current news on display as clicking on “Read Related News” to
read the part of the screenshot labelled “B”. She can tell that the news with the title

“State Sales and Income Taxes” is related to the news with the title “unfiled taxes

and refunds”. The related news feature allows the user to have access to information

that is not immediately shown on the screen, but has a relationship with the item

displayed on the screen.
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unfiled taxes and refunds unfiled taxes and refunds

Ok, When I was younger i never filed for tax refunds Ok, When I was younger i never filed for tax refunds
when I was working. Mainly because I had no knowledge when I was working. Mainly because I had no knowledge
of how to do so. I haven't worked in a number of years of how to do so. I haven't worked in a number of years
so I still know nothing about it. However, I know that I so I still know nothing about it. However, I know that I
worked my butt off when I was younger and had taxes worked my butt off when I was younger and had taxes
taken out of each and every pay check. taken out of each and every pay check.
Yahoo Answers: Latest Mar 10, 2014 6:21 PM Yahoo Answers: Latest Mar 10, 2014 6:21 PM
Questions Questions
Read news from source Read news from source

»Read related news VRead related news

Too many tax liens on NC restaurant plates State Sales and Income Taxes

I had to share these beautiful photographs of yoga in
Sedona, AZ, by Robert Sturman. They are the spirit of
love, peace, and tranquility. Enjoy! Source: Mind
Body Green About these ads Google+ Paula Perry Like
this: Like Loading. Related

The following editorial appeared in the Greensboro News
& Record: There may never be fat times in the
restaurant business, but the last few years have been

lean. Not even sales of liquor, beer and wine can keep
i 2

Figure 5.9: The view showing the related news feature in the news dashboard.

5.2 Search as an Alternative

Google News [3] is an aggregator news service that has a list-based representation
as the primary means of presenting the news. It allows for personalization with
options for modifying the location and a slider for weighing the proportions of news
about different topics in the news stream. This interface has a faceted navigation,
thereby allowing Jane to filter the news stream by the selected term. At the point
of writing this report, Google News is unable to support the querying of past news
archives. This limitation was resolved in our research by using the Internet Archive
to obtain past news between two specified dates. The dataset for Google News is a
collection of news from Internet Archive [4] with the date of March 25, 2014.

Jane is trying to see the trends in the current market after a day’s work. She
opens up Google News to read the news stream. She decides to look for quick infor-
mation show the distribution of the news within the time interval. The interface does

not provide a compact summary of the news stream because of the limited amount
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Figure 5.10: The default view of the Google News [3].

of display space required to show the news articles. Google News requires lengthy
vertical scrolling to view the entire data in the news stream as there is a limit on
the number of news articles that can be displayed at one time on the screen. The
overview of the news stream is shown in Figure 5.10 and is only a tiny fraction of the
news stream, which cannot be said to be a summary of the news stream.

Google News provides a related news functionality, which allows Jane to have
access to information that is not immediately shown on the screen, but has a rela-
tionship with the item displayed on the screen as shown in Figure 5.11. The list of

related news to the news titled “Flight 370: Storm of emotions over lives ’lost’ as

b 7

storm at sea delays search” consist of “Malaysia Airlines 7, “Indian Ocean ”, and

“Malaysia”.
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Figure 5.11: The related news features of the Google News.

Jane is attracted to the list of facet terms as shown in Figure 5.12 which provides

all the exploratory path of exploration in the Google News interface.
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Figure 5.12: List of terms in faceted navigation of Google News.

The faceted navigation interface can provide Jane with a new exploratory path to
further explore the news stream. Jane works in the software industry and as such,
she takes interest in the firm named “Apple”, she clicks on the term in the facets
named “Top Stories”. The faceted navigation interface allows her to filter the news

stream based on the selected facet term as shown in Figure 5.13.
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Figure 5.13: List of terms in faceted navigation of Google News. “Apple” is clicked

in the facet.

The resulting news articles that match “Apple” as shown in Figure 5.14.
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Figure 5.14: The scrolled view of the Google News [3].

5.3 Discussion

Google News [3] is similar to our news dashboard with the support for trending
news. The proposed news interface and Google News, both support the related news
functionality. However, there are differences between the two systems. For example,
while Google News supports the real-time coverage of the news, it does not support
breaking news notifications to the users. While our proposed interface provides room
for the limited adjustment of visualization settings, Google News allows for more
robust customization leading to personalization of the news interface. The news
dashboard provides a faceted browsing interface, while the Google News provides a

faceted navigation interface.
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Within this scenario, the news dashboard has allowed the user to interactively
explore the news stream using a single screen. The single screen view allows the
user to see more previous news about the news stream. This is not the case in
Google News as the news stream cannot be shown on a single screen, and requires
lengthy vertical scrolling of the page. The list representations are static and have low
information density as there is a fixed number of documents per page. The matrix-
based visualization was adopted in this research as the primary interface because its
compact representation requires only a small display space. These requirements are
met with the design of a news dashboard.

The news dashboard was designed using the knowledge of how people consume
news in the real world. The users have an incomplete idea of what they want, then
they use their mental model to derive a set of actions that can lead to their goal.
The user can obtain an overview of the data in the news dashboard over a wide
time interval due to compact display space; Google News is not suitable for exploring
past news due to the limits of the list-based representation that results in a limited
number of news articles that can be shown in a screen. The user can modify the time
aggregation in the news dashboard to allow the exploration of the news at different
levels of granularity, thereby enabling exploration of the current news in relationship
to existing news in the news stream. This feature is missing from Google News at the
point of writing this report, thereby limiting the ability to explore past data. The
faceted interface allows for filtering the news in relation to certain persons, topics, and
organizations. Finding news articles using the facet browsing interface is supported
in two stages of interaction. In the first stage, the user views the facet terms and
chooses a subset of the terms on display. In the next stage, the user clicks on the term
to see the highlighted element of the stacked heatmap. The click event on the stacked
heatmap shows the news matching the query. This is a feature in both interfaces
under comparison. This allows the user to explore the subset of the news stream and
allow for detailed analysis of the news stream.

The user’s needs can change during the exploration process as the user can modify
their plan until the required news articles are obtained from the news streams. In
some cases, the user can partially satisfy the goals during the exploration process,
or even abandon the current plan in favour of a new goal that can be set during the

exploration process. Users are looking for a collection of documents that may meet
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their goal obtained during the exploratory process. The strength of the information
scent encourages the user to continue towards their initial goal. Conversely, the
diminishing of the information scent results in the user abandoning the original plan,
in favour of a new goal. This information scent can take the form of identifying
a relevant facet term that modifies the query of the interface to filter the result in
Google News, or the highlighting of the elements of the stacked heatmap in the news
dashboard. The information scent is also present in the form of the “Read Related
News” link that directs the users to the news articles surrounding the events of the
current news on display.

The visual representation of the news stream is easier to understand than reading
a textual document as can be seen in Figure ??7 as the matching elements of the
stacked heatmap are highlighted to further guide the exploration of the news stream.
The users are attracted to the news article in the new stream that is relevant to their
goals and diverted away from news that is not relevant to the exploratory goals. The
aim of the users is to uncover the news buried deep within the news stream. The
related news feature in the news dashboard and Google News provides more context
of the event that surrounds the current news on display.

The Google News [3] has a major limitation when exploring past news using the
real-time coverage, because it is not a live event. The news dashboard is better for
showing trends in the news stream, when compared to the Google News due to the
compact graphical representation of the news stream. The users are more capable of
comparing relevant old news as recent news arrives. Despite the small size of data, it
is difficult to understand the trends in the news in its textual form at a glance without
the use of the news dashboard. A data of comparable size in Google News will result in
a lengthy scroll of the page to locate and read the news content. Therefore, resulting
in the loss of the ability to understand aspects of the news stream at a glance by

using the textual representation of the news stream.
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Chapter 6

Conclusions

This work has utilized the theoretical foundations and frameworks discussed in
Chapter 2 to guide the design of a news dashboard. The dashboard was chosen as
a convenient means of representing the information due to the compact use of dis-
play space, thereby providing a visual summary of the news stream. It makes use of
information visualization techniques to present information about the news stream
in a manner that can be easily understood by the users. The information-seeking
mantra guided the design of a news interface in order to support the users in their
information-seeking activities. The visual analytics mantra guided the design of the
news dashboard by supporting the ability of the users to analyze the data at multi-
ple resolutions on demand. The goal is to guide the users in the process of finding
information that meets their needs. In addition, information foraging theory has sup-
ported the users in their information-seeking activities in the news dashboard in the
interactive exploration of the news stream as the users fulfil their information needs.
A review of existing news interfaces was provided in Chapter 3 leading to the design
of a novel hybrid interface that addresses the limitations of existing news interfaces.
The set of requirements for the news dashboard are described in Section 4.1, which
guided the implementation of the news dashboard shown in Section 4.3. A number of
scenarios are provided to show examples of using the dashboard for news exploration
in Chapter 5.
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6.1 Primary Contributions

This research has resulted in the design of a novel real-time dashboard that sup-
ports the interactive exploration of news streams. The news interface can support
information-seeking activities of the users by creating a visual map of the news stream,
which meets the single-paged requirement of a dashboard [18]. The main contribu-

tions of the work are the following:

e The design of a news interface that supports a compact representation of the
news stream, which results in a glanceable and pre-attentively processed news
interface. The interface supports the visual encoding of the frequency of the
news within elements of a stacked heatmap using colour. The colours of the
elements of the stacked heatmap are chosen to support the perceptual ordering
of the frequency of news items contained therein. The users can benefit from the
use of visualization to form a visual map of the news stream, thereby reducing

the cognitive burden when passively or actively observing trends in the news.

e The faceted browsing interface [28] provides a framework for automically fil-
tering the news stream. This can provide visual cues to guide the exploratory
process of uncovering hidden trends in the news dashboard. This provides a
hierarchical classification of the news streams according to persons, topics, and
organizations. The faceted browsing interface allows the user to modify their
exploratory plan in order to satisfy their information needs. The faceted brows-
ing interface includes histograms which shows the frequency of the facet terms
in the news stream. The visual encoding of the histograms allows the user to

know at a glance the frequency of occurence of an entity in the news stream.

e The addition of a breaking news detection feature based on the anomaly de-
tection [12] is a core part of the news dashboard. The breaking news detection
system for the news dashboard uses the Probabilistic Exponentially Weighted
Moving Average (PEWMA) [12] algorithm. The news interface provides the
ability to identify breaking news on specific persons, topics, and organizations
independently of the other, which is an important feature in a news dashboard.

This information can keep the user abreast of developments in the news stream.
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6.2 Limitations

The benefits of using the news dashboard for the interactive visualization of news
streams can be shown by using a number of scenarios in Chapter 5. Despite the
benefits of the dashboard, there are still some limitations that are discussed in this
section.

The lack of support for panning interaction to alter the time extent of the current
stacked heatmap in the visualization space is a limitation. The current implemen-
tation has a fixed time extent, which is set in relation to the time aggregation. For
example, if the time aggregation of the news dashboard is set to “Days vs Hours”,
then the time extent is set to a month of news data. Similar, if the time aggregation
of the news dashboard is set to “Hours vs Minutes”, then the time extent is set to
a day of news data. The system lacks the ability to adjust the time extent beyond
the extremes of the extents. The interface also lacks a focus+context interface for
altering the time extent of the visualization.

One drawback of the news dashboard is the lack of an option to save settings [29] of
the visualization. The current implementation makes use of settings that are session-
based; as a result the settings are only valid for the run of the visualization. The
ability to save settings could lead to news personalization. This feature allows the
user to utilize past visualization settings in future exploration tasks.

The faceted browsing interface has limited interactivity which is a limitation.
The current implementation provides a list of terms that highlight the elements of
the stack heatmap containing the news about the term. It does not support dynamic
deletion or addition of terms, which can affect the ability to fine-tune the navigation
to smaller subsets of the data. The faceted browsing interface can provide a way of
customizing the interface to contain only the facet terms that are relevant to their
information needs.

The current implementation of the news dashboard makes use of textual data with
temporal attributes that helps the organization of news in the stream showing the
temporal evolution of the news stream. The system lacks support for complex data,
such as geospatial data which results in the inability of the users to understand the
news in the context of the geographic location. This feature can allow the user to

understand the trends about news from certain locations.
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The anomaly detection algorithm for breaking news can identify breaking news
that are not a global phenomenom. The breaking news tends to show regional bias,
as an collection of news of similar information content (same persons and organiza-
tions) of interest to a geographical area may be reported by more news outlets in
the area, thereby resulting in the detection of the breaking news may not be a global
phenomenon.

The faceted browsing interface on the news stream makes use of the persons,
topics and organizations as facets. The use of the source of the news for faceted
browsing interface is not currently supported in the news dashboard. The source of
the news can serve as a measure of credibility of the news item. This functionality
would support the filtering by source of the news.

The project made use of inspection heuristics [50], which are suitable for identi-
fying usability issues, but does not consider users in real life conditions. Therefore,
the absence of a user study which describes the usefulness of the news dashboard is

a known limitation of this work.

6.3 Future Work

This section provides pointers for further development of the ideas developed in
this research. These are possible advancement of the knowledge obtained from the
current work, and the addressing the limitations in the news dashboard.

The modification of the news dashboard to provide for panning interaction, would
allow the user to navigate beyond the currently displayed extents of the news dash-
board. The user can navigate to historical news at a distant time in the past, thereby
allowing the users to view the current news in relation to old news. This can enhance
the ability of the news dashboard to keep sufficient data about the news stream and
make the users see the long term trends in the news stream. This gives the users the
ability to go back in time to view historical data, thereby providing functionality that
support the historical exploration of news streams.

Modification of the news dashboard may be made to provide the ability to save
settings of the visualization. The users can recreate similar exploratory conditions
at a later time. The ability to saving settings [29] can lead to news personalization,

as the user can modify the default settings of the visualizations, which include slider
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for time aggregation and group by radio button. Further, this can allow the user to
continue exploring the news stream using previously saved settings. The addition of
the saved settings functionality can prevent the cognitive burden of having to recollect
from memory the past setting to observe some trends in the news stream

Further modifications of faceted browsing interface may support the adding and
removing of facet terms to modify the query. This can allow the users to focus on
a smaller subset of the news stream for focused attention. The news dashboard can
be enhanced by the use of a focus+context interface that can allow for altering the
time extent of the sliding window of the visualization. This can provide the ability
to make fine-tuned navigation to analyze varying subsets of the visualized data.

The news dashboard can be modified to support geospatial data which can allow
the users to understand the news in the context of the geographical location. The
dashboard can be modified to accept different formats of location data such as those
commonly used in the Geographic Information Systems (GIS). This can take the form
of integration with a map interface that shows where the current news has occured.

The de-duplication module in the proprocessing step can be designed with higher
accuracy and precision. Alternatively, the news can weighted by the population of
the location. This will provide a measure that can be incorporated in the breaking
news detection algorithm thereby minimizing the chance of obtaining breaking news
with localized effects.

The system may be modified to support the use of the source of the news in faceted
browsing interface. This upgrade involves modifying the news dashboard to support
filtering of the news stream by the source of the news in the news dashboard.

Finally, the design and execution of experiments will allow for the empirical eval-
uation of the system using real users. This will provide a measure of the level of user
acceptance and usefulness of the news dashboard in real world situations. The partic-
ipants will perform realistic tasks under laboratory conditions to mimick the normal
user, and as such the demographics of the users must match to the intended audience
of the news dashboard. This is provide a validation of the design assumptions used

in the design of the news dashboard.
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