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Abstract—Horizon scanning is an increasingly important part
of management decision making in all sectors. It involves the sys-
tematic search for incipient trends, opportunities and constraints
that might affect the probability of achieving management goals
and objectives. This requires the continuous acquisition of up-

to-date information to anticipate issues, collect data about them
and thus inform critical decisions. Although horizon scanning has
its roots in the pre-electronic information era, it has blossomed
with the availability of electronic databases and Web-based
information. In this paper, we propose the implementation of
a horizon scanning system centred on the use of keyword-based,
Web search engines. By leveraging the existing infrastructure of
proven search engines, our system aims to automate the human-
intensive process of seeking information and emerging trends. A
prototype application that integrates the software that we plan to
use has been developed to accompany this paper, and we discuss
the potential for its application.

I. INTRODUCTION

HORIZON scanning has been defined as “the systematic

search for incipient trends, opportunities and constraints

that might affect the probability of achieving management

goals and objectives. Explicit objectives of horizon scanning

are to anticipate issues, accumulate data and knowledge about

them, and thus inform crucial decisions” [1].
Processes to identify emerging trends in a timely fashion

have always been valued in the business environment to

acquire foresight. For instance, a Scan programme has been in

place at SRI International, and subsequently SRI Consulting

- Business Intelligence (SRIC-BI) [2], since 1979. Such a

programme evolved as a group process that relied heavily on

human expertise to recognise early signals of change, disconti-

nuities, inflection points, and disruptive forces in the business

environment. Every month, for at least 25 years, SRIC-BI

professionals used to assemble more than 100 abstracts of

developments that they perceived to have an impact on the

constant confluence of culture, commerce and technology that

defines the business environment [3].
Up until the past decade, the scanning processes employed

by most organisations have been largely arbitrary, depending

on what concerned individuals and leaders are reading, think-

ing about, or sharing informally with each other. No foresight

function, however, can operate with confidence without a disci-

plined process for spotting patterns of change and highlighting

emerging issues for consideration and action [3].

Currently, the contexts within which horizon scanning is

carried out vary widely, but it normally involves the use

of one of two approaches: network-based and Web-based

horizon scanning. In the case of the first approach, emerging

trends, opportunities and constraints are identified via formal

meetings, such as conferences and workshops, and informal

networking, supplemented by material obtained from the lit-

erature and media. The Cambridge Conservation Initiative

(CCI) [4], for instance, which was founded in 2007, brings

together a global panel of academics and specialists annually

to identify novel issues in biodiversity conservation. Meeting

leading researchers and practitioners is a good way to acquire

knowledge about emerging issues in specific areas, such as

those related to the CCI. Nevertheless, this can be time and

resource consuming, particularly if it is done frequently and it

is extended to a number of areas of interest that may require

a wider expertise base. In this context, the need for computer-

enhanced decision making becomes increasingly apparent.

Given the proliferation of automatic tools for processing

information, horizon scanning should find a way to reduce

costs and improve outcomes.

The World Wide Web has been recommended as a source

of information for horizon scanning [5]. When used appro-

priately, the Web can corroborate information, increase the

accuracy of forecasts, and augment the amount of useful

data [6]. To give an example of the usefulness of Web-based

horizon scanning, we may refer to Google Flu Trends [7]: by

analysing aggregated search data to estimate the occurrences

of influenza—this means data based on search terms that

Google [8] has identified as good indicators of influenza

activity—, Google Flu Trends has been able to predict by up

to several weeks where influenza outbreaks are most likely

to occur on a geographical basis [9]. This information has

been successfully used by the U.S. Centres for Disease Control

and Prevention [10] to support timely decision making and to

target resource deployment.

Although Web-based horizon scanning has the potential to

be a powerful tool, especially when coupled to risk assessment

and management [11], it should be observed that the vast

amount of data available on the Web makes it difficult to

identify which pieces of information are indeed relevant and

credible to inform decisions.
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In this paper, we describe the development of an automated

horizon scanning system that is based on the use of commer-

cial, keyword-based, Web search engines, and a visualisation

toolkit to help with the discovery of emerging trends. By

leveraging the existing infrastructure of proven search engines,

our system aims to automate the human-intensive process of

searching for information and identifying emerging trends.

To present results, we have enhanced our system with a

visualisation toolkit to aid with the recognition of patterns and

enable the exploration of those patterns. A prototype system

has been developed to accompany this paper, and we discuss

the particulars of its implementation.

The remainder of this paper is organised as follows: Sec-

tion II reviews the state-of-the-art in horizon scanning and

discusses related work. Section III details the implementation

of our Web-based horizon scanning prototype system. Section

IV comments on the contexts within which we have tested our

prototype, and points out other areas of potential application.

Finally, Section V states our conclusions.

II. RELATED WORK

In order to make the best possible decisions about their

future, governments and businesses are increasingly turning

to horizon scanning [12]. As stated above, horizon scanning

searches out for early signs of new trends, opportunities, and

risks that might become relevant. The results produced by

horizon scanning are typically used as an input to policy

development, strategic planning and decision-support.

For the public sector, horizon scanning is useful to inform

policy makers about risks and opportunities that may arise in

the future and require forward planning. Within the UK Gov-

ernment, horizon scanning has its roots in the establishment of

the Office of Science and Technology’s Foresight programme

in 1994 [13], following the publication of a white paper by the

Chancellor of the Duchy of Lancaster, “Realising our poten-

tial: A strategy for science, engineering and technology” [14].

In 1999, the Prime Minister’s Performance and Innovation

Unit—later on renamed as the Strategy Unit [15]—produced

a white paper on modernising government that prompted the

creation of the Strategic Challenges Team. Their mandate was

to identify key challenges facing the UK Government over

the next 10 to 20 years, which eventually expanded to include

coordinating and benchmarking foresight activities [13].

In the UK, horizon scanning has also been used in pro-

curement, where timely information about future technolo-

gies allows for better purchasing decisions—particularly in

technology dependent activities such as defence and health.

Specifically in terms of defence, the UK Ministry of Defence

(MOD) has been supporting systematic science and technology

scanning using tools and techniques developed by the Defence

Science and Technology Laboratory (Dstl) since 2006 [16].

Dstl scans a broad collection of technical literature, initially

with no bias for particular fields. The scan highlights and

disseminates developments that appear to be important for

defence and may not otherwise be tracked through the MOD’s

existing research programme [17].

In the health sector, horizon scanning has helped to identify

potentially significant technologies that might become avail-

able on the market in the next 5 years [18], [19]. The UK

National Horizon Scanning Centre (NHSC) [20], for instance,

provides advance notice to the UK Department of Health, the

National Institute for Health and Clinical Excellence (NICE)

and other policy makers of significant new and emerging

health technologies up to 3 years before their launch [21].

Approximately, 1,000 technologies are investigated by the

NHSC every year [22].

As described by Packer, the NHSC’s identification process

of new technologies that have the potential to make an impact

on healthcare includes a focused routine scanning and a

speciality-based work programme [23]. The focused routine

scanning is designed to identify significant and urgent ad-

vances, regardless of clinical specialty, and includes the regular

review of medical and pharmaceutical research literature, news

and financial reports, commercial databases of products in

development, liaison with other early warning and horizon

scanning systems, commercial companies, and the consultation

of manufacturers, clinicians and expert specialist groups [23].

In the case of environmental policy, horizon scanning has

been employed to develop scenarios in a recent study on land

use futures [24]. To prepare this study, evidence from trends

and interviews with experts were used to develop narrative

scenarios going ahead to 2060 to capture potential changes

and challenges for future land use policy [25].

The UK Foresight Horizon Scanning Centre (HSC) was set

up in 2005 to explore future issues and trends over the next 50

years that may have an impact on public policy [26]. Two pilot

projects were launched by the HSC after its foundation: the

Sigma Scan [27] and the Delta (S&T) Scan. The Sigma Scan—

which covered the full public policy spectrum—was produced

by scanning the world’s leading sources of foresight informa-

tion, including think-tanks, academic publications, mainstream

media, corporate foresight, strategic thinkers, governments,

alternative journals, charities, NGOs, blogs, minority com-

munities and futurists. Lately, the Sigma Scan has become

a research portal as well as a source of evidence and analysis

in its own right. The Delta (S&T) Scan—incorporated into the

Sigma Scan since November 2008—was developed as a col-

laborative editorial project looking at potential developments

in science and technology over the next 50 years.

The developments highlighted above in the UK have been

mirrored worldwide to varying degrees. In Australia, the

National Horizon Scanning Unit (NHSU) [28] has been es-

tablished as part of the Australia and New Zealand Horizon

Scanning Network (ANZHSN) [29]. The NHSU is a member

of the International Information Network on New and Emerg-

ing Health Technologies, sometimes referred to as EuroScan

[30]. The primary aim of EuroScan is to share information

on selected emerging health technologies, or new applica-

tions of existing ones to address their effects and anticipated

consequences [31]. EuroScan also supports the exchange of

information, experience and research in the field of horizon

scanning [32].
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With regard to other countries, the Conference Board of

Canada [12] was recently engaged in exploring the use of

horizon scanning as a tool by governments and organisations

that have expertise with scanning. The Conference Board of

Canada published a report in 2008, which was meant to assess

the establishment of a horizon scanning team for the Health

System Planning and Research Branch of the Ontario Ministry

of Health and Long-Term Care.

In Asia, the government of Singapore has a long history of

using scenario planning1, but in the wake of several crises,

such as SARS, a new methodology had to be taken into

consideration. The goal of Singapore’s Risk Assessment and

Horizon Scanning (RAHS) programme is to uncover early-

warning indicators of major events to keep policy-makers

alerted and prepared for potential strategic-level surprises.

RAHS’s scanning process is automated by means of a trawler

that searches the Web for information. The trawler is a piece

of software that enriches an analyst’s efforts by automating

some of the time-intensive, scanning work and allowing them

to have more time for analysing, interpreting, and making

sense of the collected information. RAHS produces a variety of

communications—for instance, Vanguard, a monthly bulletin

with a detailed look at emerging trends.

In America, a large amount of academic publications on

the subject of horizon scanning has been produced. The

Consortium for Science, Policy & Outcomes at Arizona State

University provides online access to plenty of material on

horizon scanning research currently being undertaken [34].

In terms of informing new research areas for academia

and policy, a range of network-based horizon scanning ac-

tivities are conducted by research councils and the European

Commission. Examples include the horizon scanning group

of the UK Environment Research Funders Forum [35] and

the horizon scanning activities of the Natural Environment

Research Council (NERC) [36]. On the European Commission

side, efforts have included the European Foresight Platform as

a network of networks on foresight activities in Europe [37].

Horizon scanning has also sparked the interest of the

private sector, especially to identify emerging changes in the

social, natural and technological environment that occur at the

margins of, or beyond, a company’s current knowledge and

planning. Lloyd’s of London, for example, one of the global

leaders in the insurance market, has established an Emerging

Risks Team [38] to highlight any areas of emerging risks that

might affect the insurance industry on a range of different

timescales. Likewise, the Royal Dutch/Shell Group uses his-

torical and recent information to develop global scenarios that

cast light on the areas where Shell operates, identify emerging

challenges, and foster adaptability to change. Shell Global

Scenarios to 2025 were built to address an ample variety of

strategic and planning needs across the whole spectrum of

relevant time horizons and contexts [39].

1Scenario planning—also called scenario thinking or scenario analysis—
is a strategic planning method that some organisations use to make flexible,
long-term plans. Scenario planning is, largely, an adaptation and generalisation
of classic methods used by military intelligence [33].

A number of companies offer foresight and futures planning

as a service. For example, Hayes, Inc. [40] and ECRI [41],

both located in the United States, have developed health

technology assessment and consulting to assist with better

healthcare decisions. Other companies, such as Recorded

Future [42], aim to record what the world knows about the

future and make it available for analysis. Recorded Future

continuously collects and analyses news content from more

than 40,000 Web sources, ranging from media and government

websites to individual blogs and selected twitter streams [43].

Recorded Future uses this information to spot historical devel-

opments and formulate hypotheses about likely future events.

Certainly, our work differs from Recorded Future, because we

are not interested in predicting future events, but rather in

improving resilience and the capability to react to new risks

and opportunities.

Another private company operating a Web-based horizon

scanning approach is Shaping Tomorrow [44]. Shaping To-

morrow offers services including awareness of breaking in-

formation as well as full assistance for companies interested

in foresight at a considerable level of detail [44]. The Future

Analysts’ Network [45]—or FAN Club—, a forum for those

who have an interest in horizon scanning and futures analysis

in the UK, is organised by Shaping Tomorrow, and runs

a series of regular meetings to exchange ideas, innovative

thinking and good practice.

III. SYSTEM IMPLEMENTATION

Horizon scanning comprises a variety of bespoke ap-

proaches to discover emerging issues, potential threats, op-

portunities and likely future developments. Due to the rapid

pace at which change is occurring in recent years, the results

of any review on emerging developments becomes obsolete

rather quickly. Hence, horizon scanning requires a continuous

and systematic approach to ensure the relevance and timeliness

of its output.

We aim to improve the way to perform horizon scanning

by means of using the Web and automating different steps in

the process to identify emerging trends. We realise that other

organisations referred to in Section II have worked towards

the same goal before, achieving success at varying levels.

However, until computers can read, process, integrate, and

analyse the full breadth of data available online, Web-based

horizon scanning will remain a very human-intensive task [3],

especially when it comes to the discovery of new trends. The

approach that we are proposing to implement does not intend

to eliminate the personal interaction from horizon scanning,

but rather to augment such an interaction by taking advantage

of electronic sources of information—in particular, the Web.

Figure 1 shows a generalised approach to Web-based hori-

zon scanning for strategic decision support. It emphasises the

iterative nature of horizon scanning, noting that the processes

of retrieving or receiving documents—i.e., information re-

trieval—, and extracting, categorising, analysing and archiving

information are repeated continuously.
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Fig. 1. A generalised, Web-based, horizon scanning approach for decision
support—picture obtained from Palomino, et al.’s horizon scanning review
[46], currently in press.

The outputs of horizon scanning are communicated peri-

odically in the form of newsletters or reports, as indicated in

Figure 1. Outputs can be provided directly to decision makers,

or interfaced with further tools before this is done. These

tools may include more detailed forms of opportunity and risk

analysis [11] and scenario development.

In the following subsections, we detail each of the steps

included in the particular methodology that we propose to

implement an automated, Web-based, horizon scanning sys-

tem. The system that we propose builds upon some of the

suggestions documented by Nie, et al. in their practical ap-

proach to collecting information that is relevant to the issues

of concern within an organisation [47]. Nevertheless, Nie, et

al.’s approach is limited to electronic journals, whereas ours

is potentially open to all Web-based resources.

A. Keyword Selection

To bootstrap the search for emerging information on the

Web, a suitable set of keywords has to be selected. Key-

words are descriptive words or phrases that are mentioned

consistently in relation to the issues of concern which will

lead the search for emerging information and may help to

better characterise them. The selection of keywords may be

supported by the utilisation of keyword extraction software,

but it requires the additional choice of a reputable source,

which may be a keynote, a journal paper or a website from

which the keywords will be extracted. We refer to this source

as the seed, since it provides the starting point for the whole

scanning process.

Even though some recently devised keyword-extraction al-

gorithms have proven to be very efficient, the selection of

keywords does demand a certain amount of human interven-

tion. An expert in the field has to review the list of keywords

extracted automatically, refine the list and ascertain how many

keywords should be employed to search for information.

In a previous study carried out in collaboration with the

Emerging Risks Team of Lloyd’s of London, which looked

into the impacts of space weather on terrestrial and near-Earth

insurable assets2, we chose two different sets of keywords

to search for information [49]. The first set of keywords

included events associated with space weather—for example,

solar activity, solar flares and coronal mass

ejections—and the second one comprised the areas im-

pacted by space weather that are of interest to the in-

surance industry—for example, satellite navigation

systems, air traffic control and electricity

grids. The two sets of keywords were initially determined

using a seed document, which in this case was the report

produced by the Space Environment Group at RAL Space [48].

The aim of the seed document was to increase awareness of

space weather as a global risk, and explore the threats posed

by space weather events to different businesses, highlighting

ways in which organisations can manage this growing risk.

To extract keywords from the seed document, we employed

Yahoo!’s Term Extraction Web Service [50] to generate a

preliminary list of keywords. We presented these keywords

to members of the Emerging Risks Team. Subsequently, they

selected those that they considered useful to characterise their

interests in space weather from an insurance and risk analysis

perspective. Some new keywords were added too, which were

not picked up by the keyword-extraction software, or were not

mentioned in the seed document.

Once keywords have been selected, the next step in our

search for emerging information consists of using keyword

combinations to produce queries that are automatically sub-

mitted to commercial, Web search engines. In the case of the

study described above, we gathered documents of relevance to

the Emerging Risks Team by automatically submitting queries

to a search engine with a combination of context-specific and

generic keywords. As a result, we obtained documents of

relevance to the insurance industry that relate to the risks of

space weather—e.g., documents about the impacts and risks

of solar flares on power grids.

B. Information Retrieval

We propose the use of commercial, Web search engines to

seek information. Considering that one single search engine

is not sufficient to search for everything on the Web [51], we

combined the results of different engines. For the purpose of

implementing a prototype that we could use as a proof-of-

concept, we have chosen the following engines: Google, Bing

[52], and a news service provider called NewsCred [53].

According to Alexa Traffic Rankings, our choice of search

engines contemplates two of the most used commercial search

engines in the world: Google and Bing [54]. Both Google

and Bing have developed application programming interfaces

(APIs) for programmatic access to their indexes.

2Space weather refers to the conditions on the sun and in the solar
wind, magnetosphere, ionosphere and thermosphere that can influence the
performance and reliability of space-borne and ground-based technological
systems and endanger human life or health [48].
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An API is a precise set of rules and specifications that a

software program should follow to access and make use of the

services and resources provided by another software program

that implements it [55]. APIs serve as an interface between

programs and facilitate their interaction, similar to the way

in which the user interface facilitates the interaction between

humans and computers. Google provides its JSON/Atom Cus-

tom Search API as an interface to facilitate the interaction

between software programs and Google’s repository [56].

Bing provides Bing Search API to grant access to Bing’s

investments in crawling, Web indexing, ranking and relevancy

algorithms [57].

To automate our search for relevant documents on the Web,

we programmatically released queries containing combina-

tions of keywords via Google’s JSON/Atom Custom Search

API and Bing’s Search API. In the study carried out in

collaboration with the Emerging Risks Team of Lloyd’s of

London described above, we released the queries once per day

[49]. However, the frequency of the release can be adapted to

the particular needs of different users and cases.

It is well known that the intersection of the results produced

by separate search engines is very small. Indeed, Bharat and

Broder showed that only 1.4% of the URLs indexed by the

four major search engines in 1997—namely, AltaVista, Excite,

HotBot and Infoseek—were common to all of them [58]. One

would expect that the percentage of URLs indexed by the

major search engines has improved in recent times, but the

truth is that it remains low. A more recent study showed that

over 80% of the pages in a major search engine’s database

exist only in that database [51].

Considering that the intersection of the results produced by

Google and Bing is not very high, it is sensible to combine

the results produced by Google’s JSON/Atom Custom Search

API and Bing’s Search API together, rather than adopting one

and neglecting the other. The use of other services, such as

NewsCred, adds further value to the search for information.

NewsCred licenses and curates full text articles, photos

and video from over 5,000 global news sources like The

Economist, The Guardian, Reuters and Forbes [53]. We have

used NewsCred to retrieve “fresh” data. Although such data is

not likely to be supported by a great deal of scientific evidence,

we can guarantee that it is new and emerging.

As in the case of Google and Bing, NewsCred allows

programmatic access to news articles, images and videos

via an API. The NewsCred Platform API [59] is wrapped

for an array of technologies—including Java, which is the

main programming language for our implementation—and

responses are formatted in XML, JSON and RSS.

C. Information Analysis

The objective of the next component of our horizon scan-

ning system is to filter down the references returned by the

search engines to a manageable collection of documents that

are highly relevant to the identification of emerging trends and

their supporting information.

It is useful to think of a Web page in a two-dimensional

space defined by two metrics: relevance and authority. Both

dimensions or metrics are important and they need to be

considered in a unified view in order to provide adequate

insight to the users of a horizon scanning system. While the

first dimension, relevance, is specific to a page or even a small

section of text contained in it, the notion of authority is most

naturally assigned at the website level.

In our previous work undertaken in collaboration with the

Emerging Risks Team of Lloyd’s of London, we had to sort

out and filter the documents that we retrieved from the Web

by relevance, in order to present a manageable number of

documents for evaluation purposes. Document relevance was

determined by means of a measure of importance. Our hypoth-

esis, which we subsequently tested, was that the documents

of most importance—i.e., those of greatest relevance—, were

the ones that consistently appear at the top of the search

engines’ results. We thus presented a ranked list of documents,

with the ranking being based on the number of times that

a document was retrieved by a particular search engine—

namely, Google—over the course of a week. In other words,

we delivered to the Emerging Risks Team those documents

that Google retrieved at the top of its search results most

frequently over each week during the length of the study.

Even though the relevance model helped us to limit the

universe of information retrieved to thousands rather than

millions of documents, the volume of information collected

was still beyond a manageable limit. Therefore, in future work,

we plan to use the level of authority of particular websites

to filter down the number of documents. Influential websites

may or may not be factual experts but nevertheless influence

the opinions of others via discussions on particular topics.

From a horizon scanning perspective, it is important to identify

“expert” websites, since any sentiment that they express can

spread far and wide.

In addition to authorities, websites that are very well con-

nected are responsible for the spread of information in the

Web. When presented with a large number of posts relevant

to a topic, ordering them by the website’s influence assists in

information analysis, given that it is not feasible to read all

the posts that are available.

Since reliable readership information is difficult to obtain,

the links between websites are commonly used to determine

a site’s authority. Technorati assigns an authority score to a

blog based on the number of other blogs linking to it in the

last six months [60]. Similarly, Blogpulse ranks blogs based

on the number of times they are cited by others over the last

30 days [61]. If we consider the Web as a network of directed

edges indicating the links between websites and pages, we

can apply more complex measures of prestige from social

network analysis. For instance, the authority of a page can

be characterised based on the number and authority of other

pages that link to it using the well-known PageRank algorithm

[62], while the influence of a page can be captured by the

degree to which the page contributes to the flow of information

determined by the flow-betweenness algorithm [63].
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When working with the Emerging Risks Team of Lloyd’s

of London, we set the output threshold of the system to 100

documents per week for presentation to the Emerging Risks

Team, since this was the number of estimated documents

that could be reviewed by an analyst per week, given the

time currently allocated by Lloyd’s of London to work on

horizon scanning. We thus presented a list of 100 documents

once per week sorted by the number of times that those

documents were retrieved by Google over the course of that

week—i.e., cumulative retrieval occurrences from seven daily

programmatic releases of queries.

The review of the documents that constituted the output

of the system was performed manually by an analyst of the

Emerging Risks Team. Comments made by the analyst during

the review in relation to the institutions whose websites hosted

the documents that we delivered will help us in the future

to devise a measure of authority—certain documents were

considered to be very relevant largely because they were

hosted by a source known to be reputable by the analyst,

such as the National Aeronautics and Space Administration

(NASA) or a well-regarded newspaper—e.g., The Telegraph.

D. Emerging Trends

Relevance provides a useful way to focus our attention

on the documents that we should read. As we read those

documents, we naturally synthesise information and identify

important, higher-level concepts and trends that summarise

the discussions. This is precisely the ultimate objective of

a computer-enhanced horizon scanning system: to automate

the human-intensive process of detecting and summarising

patterns that are emerging in the Web, and it is one of the

issues that we aim to pursue in our future work.

Natural language processing approaches can identify col-

locations of consecutive words like global and warming.

Nevertheless, such occurrences may not be particularly inter-

esting if they are mentioned too frequently—this would mean

that they are not “emerging” topics any more. Of greater

interest are phrases that occur much more frequently in the

past. Such an approach is more likely to capture phrases like

healthcare reform when they are emerging from the

background discussion.

At an even higher level of analysis, document clustering and

topic modelling techniques can be used to identify collections

of documents expressing cohesive patterns of discussion. Such

models can be extended with notions of temporal continuity

to provide a view of how dominant themes evolved over time.

This can be further improved by incorporating feedback from

an expert on which themes to track or discard.

E. Visualisation

We have enriched our prototype with the use of a graphical

tool to visually display the relations among the documents that

we retrieved and the keywords that we employ to discover

them. We expect this graphical representation to provide a

more direct and easier way to understand data and uncover

hidden patterns behind the data and relationships.

Currently, the output of our horizon scanning prototype

system is delivered in the form of topic maps [64], a new

ISO/IEC standard for describing knowledge structures and

associating them with information resources [65]. Topic maps

are a kind of combination of subject indexing and semantic

network knowledge representation [66]. However, their main

purpose is to allow people to navigate from one node to

another in a network to broaden or narrow the knowledge of

a specific topic.
Topic maps help to visualise the evolution of emerging

trends over time, which should support the work of the

analysts, by reducing the amount of data that they read and

classify, making the process more time effective. For illustra-

tion purposes, Figure 2 shows a snapshot of our visualisation

toolkit. In Figure 2, we display a set of documents associated

with the keyword pollution—i.e., a set of documents that

contain the keyword pollution as part of its text and were

retrieved by our horizon scanning system. The documents are

represented by text boxes containing their titles, or part of their

titles. By appropriately choosing the user-interface options

provided by our visualisation toolkit, an analyst can render

a picture containing the documents associated with more than

one keyword, uncovering relationships that may be hard to

highlight when reviewing large lists of documents.

Fig. 2. Visualisation toolkit

Our visualisation toolkit also offers the capability of cre-

ating difference maps. A difference map is a topic map that

shows documents retrieved from the Web at the present date

that were not available a few days, weeks or months ago—i.e.,

a difference map is a representation of the difference between

today’s topic map and previous topic maps.

IV. APPLICATIONS

To date we have used the horizon scanning prototype system

that we have implemented to inform decision making in three

distinct contexts:
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• Risk analysis within the insurance industry: As stated

earlier, our prototype has been used for framing decision

making on novel risks in the insurance industry. Future

risk analysis applications may include the use of Web-

based methods for business intelligence—keeping abreast

of the actions of competitors or risks in the supply chain.

• eHealth: Our prototype is currently being tested to con-

tinuously scan the Web for information on eHealth3. We

are interested in identifying new developments which are

likely to impact the provision of health services, and to

draw attention to opportunities for future research.

• Academia: Our prototype offers potential for determining

research topics and prioritise the research agenda—both

in terms of identifying potential “hot topics” for research

and informing the writing of research proposals. We are

trialling this method within the European Centre for

Environment and Human Health [70].

V. CONCLUSION

This paper puts forward an approach centred on commercial,

keyword-based, Web search engines for horizon scanning in

business, the public sector and academia. Web-based methods

have a number of advantages over traditional ones, including

significant cost savings and the potential for more regular

information feeds than may be possible under other alter-

natives. With the proliferation of information available on

the Web, keyword search using a range of search engines,

and suitable methods to determine document relevance, is

crucial to ensure that decision makers can be better informed,

while not suffering from information overload. Additionally,

Web-based methods represent a good opportunity for decision

makers in terms of procurement, given the potential reductions

in costs that it ensures, and the greater gains from having

access to wider opinion than may be possible in the more

traditional approaches. Web-based horizon scanning can also

be used to complement existing futures strategies and lead to

better informed decisions.

We have presented a prototype system that illustrates the

Web-based approach that we propose to implement. Formerly,

this prototype has been tested in a risk analysis application for

the insurance industry. Currently, the prototype is being tested

to search for innovative eHealth developments.
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