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and categorize products and link them to knowledge
worker profiles [12]. Such metadata facilitates navigation and supports searching the content base.
This paper presents a Web intelligence and collaborative editing platform that goes beyond Semantic
Wikis by automating both the annotation and the retrieval processes. A tight integration between the editor
and the analytical components of the Media Watch on
Climate Change (MWCC) supports collaborative information seeking. While a document is being edited
by a single or multiple users, the content of the authored document acts as an advanced search term over
the entire document collection and lets users discover
related information. This addresses calls for proactive
methods to manage knowledge, helping organizations
to capitalize on their employees’ skills and expertise in
an unobtrusive manner [12]. Using the terminology of
Golovchinski [7], the editor enables implicit information seeking behavior by “recommending” relevant
content along spatial and semantic dimensions, supporting both synchronous and asynchronous information seeking.
The novelty of MWCC lies in blending the features
of Semantic Wikis with those of generic collaborative
information seeking systems. The recommendations
represent an implicit collaborative feature that uses a
combination of natural language processing, semantic
technologies and visual analytics [3] to retrieve data
from a knowledge repository. To build this repository,
MWCC collects and analyzes a large number of documents from online sources that are heterogeneous in
terms of authorship, formatting and update frequency.
It provides a dashboard to select a relevant subset of
the information space, and to analyze and manipulate
extracted data in real time. This dashboard sheds light
on stakeholder perceptions, reveals flow of relevant
information between these stakeholders, and provides
metrics for assessing the effectiveness of awareness
and public outreach campaigns.
To process and enrich the information, MWCC utilizes the webLyzard.com media monitoring and Web
intelligence platform, whose data acquisition and

Abstract
Organizations require tools to assess their online reputation as well as the impact of their marketing and
public outreach activities. The Media Watch on Climate Change is a Web intelligence and online collaboration platform that addresses this requirement. It aggregates large archives of digital content from multiple
stakeholder groups and enables the co-creation and
visualization of evolving knowledge archives. This paper introduces the base platform and a context-aware
document editor as an add-on that supports concurrent
authoring by multiple users. While documents are being edited, semantic methods analyze them on the fly to
recommend related content. Positive or negative sentiment is computed automatically to gain a better understanding of third-party perceptions. The editor is
part of an interactive dashboard that uses trend charts
and map projections to show how often and where relevant information is published, and to provide a realtime account of concepts that stakeholders associate
with a topic.

1. Introduction
Novel approaches to online collaboration transcend the
traditional constraints of time and space, supporting
synchronous or asynchronous collaboration in heterogeneous groups. Collaborative tools can be distinguished by the process that they support and their typical user groups. Collaboratories [5], for example, are
distributed environments that support the curation and
production of scientific data by distributed teams of
scientists and domain experts. Crowdsourcing Systems
[4], by contrast, target large numbers of non-expert
contributors and invite them to collaboratively address
a range of tasks, e.g. editing Wikipedia.org articles or
annotating images through games with a purpose [1].
Many organizations that require tools to create,
manage and retrieve information adopt Wiki-based
systems. Semantic Wikis allow authors to add metadata
to the document, for example to declaratively describe
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with different backgrounds and expertise. These stakeholders need to manage and apply relevant knowledge
to address societal issues effectively, and ensure that
change is conceived and implemented on both regional
and society-wide scales. Understanding the reach of
the topics discussed and the opinions voiced by various
parties is a complex task that requires knowledge on
how topics and stakeholders relate to each other.
Sources. MWCC harvests data from a range of
sources including 150 Anglo-American news media
sites, blogs, Web 2.0 platforms including Twitter, Facebook, Google+ and YouTube, scientific outlets, and
the Web sites of environmental organizations and Fortune 1000 companies. At any given time, only a subset
of the vast document space is displayed, depending on
the selected source, time interval and affective value
(e.g., positive news media articles published in the first
quarter of 2013).
Knowledge Extraction. Automated annotation
mechanisms extract various contextual features from
the collected documents, including their time stamp
and authoring entity, geographic locations being discussed, positive or negative sentiment, as well as a set
of keywords to label the document. Automated annotation helps avoid acceptance problems of collaboration
tools that require users to categorize knowledge resources manually. It also supports the identification of
emerging trends and dominant issues being discussed
in conjunction with a selected topic.
Dashboard. The MWCC user interface provides
access to the knowledge repository. Search results are
mapped onto geographic and semantic maps to show
the geographic distribution of the coverage (e.g., places
most talked about), as well as its semantic context
(e.g., number of documents reporting about a specific
issue). The dashboard’s analytical and visual methods
support different types of information seeking behavior
through six main content elements:

knowledge extraction services have been optimized for
Web-scale applications. These services enrich documents with annotations along multiple dimensions and
use these annotations to render interactive visualizations. The visual interface enables users to analyze and
manipulate the extracted knowledge, and to navigate
the information space along multiple dimensions. Such
an environment, in line with the challenges described
above, not only requires scalable information extraction algorithms, but also a rapid synchronization of
multiple coordinated views. MWCC synchronizes geographic maps, tag clouds, keyword graphs as well as
two- and three-dimensional information landscapes.
These visualizations help users to understand the specific context of the extracted knowledge.
MWCC technology covers a wide range of application scenarios. It processes search queries to show the
most relevant documents in a regional context, uncovers trends in stakeholder communication, measures the
success of marketing and public outreach activities,
identifies opinion leaders, helps organizations to engage with target audiences, and provides a real-time
account of positive and negative topics that these audiences associate with the organizations’ products and
services.
Building upon previous work describing the Web
intelligence aspects of MWCC technology [9], this
paper focuses on its knowledge co-creation capabilities
of an integrated document editing environment. The
remainder of this paper is structured as follows: Section 2 outlines the Web intelligence capabilities of
MWCC including the management of evolving domain
knowledge from various sources, metrics to track
emerging trends, and a visual dashboard to access the
knowledge repository. Building upon this Web intelligence infrastructure, Section 3 presents the MWCC
document editing environment as a novel approach to
create knowledge in a real-time, collaborative manner.
Section 4 covers visual means to support the editing
process through recommendations based on topical
similarity and geographic location. Section 5 describes
the iterative and user-centered approach to system development and evaluation. Section 6 summarizes and
concludes the paper.

 Sources and Settings. The top menu lets users
choose constraints that are relevant for their exploration, including time interval to access longitudinal data, document source, and global sentiment filter (unfiltered, positive, negative). These settings
not only affect the trend charts, but also limit
search results and dynamic visualizations.

2. Web Intelligence

 Topics. The upper left part of the dashboard provides topic management and content navigation.
Users can (i) click on a topic to trigger a full-text
search; (ii) use the topic markers (small rectangles)
to select topics to be shown in the charts; (iii) compute related terms via the 'arrow down' symbol; and
(iv) add or modify topics and email alerts via the
'settings' symbol.

By capturing stakeholder communication automatically
and in real time, Web intelligence technologies allow
an unprecedented level of transparency. They identify
relevant information from various sources at the touch
of a button, and reveal patterns and trends. The domain
of climate change is well suited to demonstrate the
potential of such technologies, as it is characterized by
diverse opinions of globally distributed stakeholders
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 Trend Charts. Interactive charts show weekly frequency, average sentiment, and the level of disagreement regarding selected topics. The sentiment
values are based on aggregated polar opinions identified in the document [14]. Disagreement, computed as standard deviation of sentiment, reflects how
contested a particular topic is (the term ‘oil spill’,
for example, has a low standard deviation since
most people agrees on its negative connotation).
Hovering above a data point displays the associated
keywords and daily statistics, while a click triggers
a search for this topic in the preceding week.

ers how well their messages are received, understood,
and remembered by specific target audiences. By uncovering patterns and trends in online media, the system reveals hidden knowledge and supports decision
making. The search query for “Barack Obama” in Figure 1, for example, lists Mitt Romney and the Keystone
XL Pipeline as the two top news media associations in
the context of climate change between January and
November 2012.
The screenshot also reveals that the topic of climate
change has received little attention from campaign
managers. This is shown by the strong correlation between the two trend lines. Since coverage on the Keystone XL Pipeline was driven by third parties and not
the campaign managers, intentional topics would show
up as divergence points (e.g. the minor peak triggered
by the Rio+20 Conference in June 2012). The notable
silence on climate change came to a sudden end once
hurricane “Sandy” hit the U.S. East Coast, and New
York City Mayor Michael Bloomberg endorsed the
incumbent for re-election, citing the threat of climate
change as the primary reason for his recommendation.
This section has shown how MWCC helps users to
manage rapidly changing information shared among
stakeholders via a range of channels. Going beyond the
analysis of third-party information, the following section describes the potential of knowledge extraction
and visualization algorithms for dynamic and collaborative content creation.

 Content View. The content view below the trend
charts shows the active document including date of
publication, keywords, place of publication (source
geography), and primary location that is being referenced (target geography).
 Search Results. The full-text search of MWCC
supports wildcard characters, Boolean operators,
and regular expressions. The results are displayed
in the lower third of the dashboard: a list of associated terms, as well as a list of search results with
tabs to switch between the document, sentence and
source level. Each new query also updates the other
windows of the portal.
 Visualizations: To reveal complex and often hidden
relations within the document repository, the dashboard integrates a portfolio of visualizations to provide insight into the evolution of the underlying
document space. The portfolio will be described in
Section 4 and includes geographic projections, ontology and keyword graphs, a color-coded tag
cloud, as well as an information landscape.

3. Knowledge Co-Creation
A new culture of participation is driven by advances in
social computing. Many authors consider documents as
“open, evolvable seeds rather than finished products”
[6]. These documents are created through processes of
cooperation and social exchange – depending on and
benefiting from a synergy of skills, distributed decision
making, and the dynamic maintenance of shared
knowledge.
The MWCC platform reflects this trend, supporting
explicit and implicit collaborative processes. Explicit
support includes (e.1) synchronous editing of documents, (e.2), shared topic definitions via a regular expression editor, and (e.3) exporting jointly created resources for reuse in third-party to support existing
workflows of environmental stakeholders. Implicit
support is provided through (i.1) customizable content
recommendations on the group level through analyzing
the co-authored document in real time, and (i.2) the
visual methods of Section 4 as adaptive navigational
aids that reflect shared meaning and the semantic context of the edited document.

A key strength of the dashboard is its use of multiple coordinated views, also known as linked or tightly
coupled views in the literature [8], where a change in
one of the views triggers an immediate update of the
others – while a new document is viewed or edited, for
example, the maps pan and zoom to represent its semantic context and offer a holistic, real-time view of
the domain. As an alternative to entering query terms
for finding documents, users can use the visualizations
to retrieve articles related to that particular location,
topic or domain concept. Hovering above a map previews the document closest to the current position of
the mouse pointer. When previewing documents, the
other visualizations automatically adjust to show the
immediate context of the previewed documents – a
crucial feature to support the knowledge co-creation
process outlined in Section 3.
Example: US Election 2012. Integrating the gathered intelligence in campaign management and public
outreach applications creates instant feedback loops
that show public outreach and communication manag-
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Figure 1. Screenshot of the Media Watch on Climate Change, showing results for a query on “Barack Obama”
from Anglo-American news media between January and November 2012 (www.ecoresearch.net/climate)
of knowledge. Co-authors learn about related threads
on social media platforms or recent scientific discoveries. This instant feedback loop can guide the collaborative work to embrace issues that otherwise
might have been overlooked.
Given the lack of hyperlinks in many of the edited
documents (as compared to those gathered from
online sources), MWCC follows a content-based
ranking strategy. Slider elements of the advanced
search feature allow users to customize these recommendations in line with their preferences and current
tasks – i.e., determine the impact of the similarity,
geographic proximity and topicality of documents on
the ranking process.
Figure 2 shows the collaborative editor in action.
Accessible via a separate tab, it is seamlessly integrated with the analytical MWCC components. The
screenshot depicts an example of the collaborative
editing of a press release about presentations at
Rio+20 and COP-18 side events (see Section 5). In
the background, the system analyzes the text to suggest related information from the knowledge repository. The top-ranked result is a recent ABC News
article about the lack of action following COP-18,
which the press release’s co-authors can access to
refine their arguments accordingly.

Applying traditional authoring models to the collaborative creation of documents assumes a sequential process where authors: (i) investigate a topic by
reviewing the literature, scanning the latest news media coverage or querying search engines; (ii) communicate with their co-authors; (iii) draft and revise
the manuscript in either an asynchronous or synchronous manner [7]. The sequential character of these
phases and fragmented workflow is not commensurate with the requirements of today's dynamic markets and agile, globally distributed enterprises.
MWCC’s automated content recommendations
are an important step to merging these distinct phases. They go beyond online word processing tools
such as Google Docs and the MS Word Web App by
enabling implicit information seeking, where the system infers informational needs from the users’ actions, rather than explicit queries [7]. When multiple
users jointly edit a document, the system immediately
distributes changes to all co-authors and performs
background queries to fetch similar documents from
a customizable set of sources (news, social media,
NGO Web sites, etc.), and suggests appropriate tags
to classify the document (geographic location, sentiment, keywords, etc.). The content recommendations
are made on the fly, while users are typing. They help
align the evolving document with the existing body
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Figure 2. Collaborative editor showing a document in progress and related content recommendations
RSS, HTML and PDF for textual data, and CSV for
time series date – in line with calls for a Semantic
Social Web, where data is not locked away within
data silos, but can be easily integrated and exchanged
between applications and authors [2].

The visualizations on the right side of the interface place the current document into its geographic
and semantic context. The geographic map shows a
stream of related documents referring to Doha, mostly originating from North America. In terms of document content, the press release is matched to a cluster on "kyoto, doha, climate". As the edited document
is extended with more content, its similarity to other
document clusters is recomputed so the authors can
track, in real time, how their document shifts its position in the information space – giving them the opportunity to adjust the content until the document is
placed in the vicinity of a desired topic cluster.
Documents created with the MWCC editor become part of the document repository and are being
processed together with stakeholder communication
collected from external sources – for example, from
news and social media. The editor builds upon the
Wikidocs.com semantic editing framework to support
multiple concurrent users, and incorporates the results of a recent research project, the Climate Change
Collaboratory (www.ecoresearch.net/triple-c). In
order to embed the archived knowledge into the existing workflows of environmental stakeholders,
MWCC supports a range of export formats including

4. Visualizing Related Knowledge
Resources
The MWCC dashboard offers a suite of visualizations
that aggregate and render information along two main
context dimensions, geographic location and topical
similarity. The visualizations provide real-time feedback and support the editing process, as outlined in
the following sections.

4.1 Geographic Location
The Geographic Map supports three distinct modes
to interact with the information space: edit, explore,
and search. When rendering the display, the system
distinguishes between source and target information
– i.e., the locations of the author(s) versus the primary location referenced in a document, which is determined by analyzing its textual content in a process
typically referred to as geo-tagging [11].
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The currently viewed or edited document is highlighted by a yellow asterisk. This represents a particularly useful feature in conjunction with the collaborative editor described in Section 3, as the map
automatically pans and zooms to the referenced locations. If interested in a specific location rather than a
topic, users can click anywhere on the map to switch
from editing to information exploration mode and
retrieve the closest document in terms of geographic
proximity (hovering above the map previews documents without activating them).
In search mode (i.e., after entering a query term),
the result set is visualized with circular markers that
show the target of the found articles. The diameter of
the marker represents the number of matching documents for a given location, its color the average sentiment of these matches. Trajectories link the geographic source and target of an article.

to parse for non-expert users. It arranges keywords alphabetically, whose size and opacity are
proportional to their relative frequency. The tag
clouds of MWCC use color to indicate sentiment
(positive = green; neutral = black; negative = red),
which allows investigating the "spin" across
sources; e.g., balanced coverage of news media
compared to emotional and often negative social
media postings, or the positive slant characteristic
for publications found on corporate Web sites.
 The ontology graph (Figure 1) expresses shared
meaning within a domain and displays a clickable
domain model that matches documents and concepts to help users determine their current location in the information space. Hierarchical relations are shown as arrows. The domain model
used to structure MWCC content has been developed in close collaboration with experts from the
NOAA Climate Program Office (see Section 5).

4.2 Topical Similarity

At the time of writing, the authors are in the process
of transforming the bitmap-based tag cloud and ontology graph components to dynamic Scalable Vector
Graphics (SVG) representations, supporting on-thefly computations instead of weekly updates. This will
enable us to extend the synchronization mechanism
and highlight terms related to the currently edited
document in the tag cloud, and select the ontology
concept that best describes the content of the edited
document. Topical shifts by the co-authors, therefore,
will translate into a panning operation and the display
of different, more relevant concepts.

To show topical similarity in large document repositories, dynamic topography information landscapes
cluster and visualize massive amounts of textual data
[13]. They implement the concept of “location” in an
innovative way that transcends the traditional geographic interpretation. The information landscape
resembles a geographic map. Instead of geographic
proximity, however, it represents semantic similarity
between documents. At the time of map generation,
its topography is determined by the content of the
knowledge base. A peak such as the one shown in the
lower right corner of Figure 2 (“doha, kyoto, climate”) indicates abundant coverage on a topic,
whereas valleys (lighter shades of green) or oceans
(blue) represent sparsely populated parts of the information space. The peak labels are calculated based
on the content of nearby documents.
Similar to the adaptive display of the geographic
map, the shown part of the topography reflects the
content of the currently edited document. Small gray
dots indicate the locations of related documents. Circular markers, color-coded by sentiment, show the
distribution of search results.

5. Implementation and Evaluation
Following an evolutionary and user-centered development approach, rapid feedback cycles have been
instrumental in MWCC conceptualization and implementation. The evaluation activities focused on
usability, the accuracy of extracted knowledge, and
the added value in real-world use cases.
Initially we conducted usability inspections, asking colleagues and experts from partner organizations
to assess the interface design against recognized usability principles. More comprehensive usability testing in later phases of the project gathered feedback
from actual users, including the employees of large
organizations such as the NOAA Climate Program
Office (www.climate.gov), he National Cancer Institute (www.cancer.gov), and the Austrian Chamber of
Commerce (www.wko.at). The explicit feedback
from the usability testing was combined with implicit
feedback from monitoring user activities – in 2012,
for example, about 4,600 users performed more than
13,000 searches.

4.3 Additional Visualization Types
The portfolio of MWCC visualizations contains additional methods to track emerging topics in stakeholder discussions. The portfolio includes tag clouds,
animated news flow diagrams, and graph-based representations of keywords and ontologies [9]. Two of
them are particularly suited to support the MWCC
editing environment:
 The tag cloud (Figure 2) is a well-known representation and useful navigational aid that is easy
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ing patterns and trends, the webLyzard.com platform
and its portfolio of semantic technologies increases
the transparency of these processes and replaces static repositories by an agile, collaborative framework
to manage evolving knowledge.
The Media Watch on Climate Change (MWCC)
is a domain-specific portal built upon this platform to
support environmental decision makers with consolidated climate change knowledge from multiple
sources. It uses automated methods to annotate and
classify documents while they are being edited, and
to recommend related content. Interactive visualizations serve as navigational aids and reflect the semantic and geospatial context of the edited document, as
well as topical shifts introduced by the authors. By
providing the portal as a public resource, the authors
hope to promote the adoption of semantic technologies, and to close the gap that exists “between users’
desire to collaborate and the capabilities of the tools
they use” [7]. The system provides a range of collaborative features, including the concurrent editing of
documents, the joint definition of topics, and the export of shared resources for reuse in external applications – supporting the existing workflows of environmental stakeholders.

MWCC’s evolutionary development approach
supports iterative, user-driven refinements and the
integration of new features early in the development
cycle. The NOAA Climate Program Office, for example, has been using the analytical MWCC components for several years and suggested numerous improvements. NOAA employees often engage in public outreach activities and collaboratively author articles for public dissemination. The MWCC editing
environment supports this task with real-time feedback on how other stakeholders perceive topics of
interest. While authors type, the system analyzes the
evolving document and recommends related articles
from the repositories of NOAA, or from external
sources. At any time during the editing process, authors can inspect these resources, for example to minimize overlaps or include references. Showing positive and negative associations with a given topic
helps authors to choose engaging, positive terms and
stay clear of those with a negative connotation. Detecting such associations and suggesting related content items are key elements of the MWCC editing
environment. Therefore the evaluation focused not
only on the usability of the system as outlined above,
but also used Climate Quiz [10], a crowdsourcing
application in the tradition of games with a purpose,
to assess the quality of extracted relations.
Two workshops held in June 2010 and September
2012 helped to gather feedback from international
climate change experts and environmental stakeholders from various sectors including research centers,
non-profit organizations, companies, and government
agencies. The participants pointed out the merging of
the traditionally disparate processes of information
seeking and authoring as the main benefit when
working on press releases and joint statements. They
also requested additional export functions as outlined
in Section 3 to further process the collected data in
third-party applications. Additional feedback was
gathered through presentations of the prototype at
side events of the UN Conference on Sustainable
Development (Rio+20) and the UN Conference on
Climate Change (COP-18), as well as the Annual
Meeting of the American Association for the Advancement of Science (AAAS-2013).
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