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With e-infrastructure requirements common 
across research disciplines, across 
Government departments and across sectors, 
such an e-infrastructure can further these 
and other key national objectives and indeed, 
through its support of world-leading research, 
help answer some of the ‘grand challenges’ 
facing the UK and the wider world, such as 
climate change, an ageing population and the 
combating of disease.

Technology is in large part driving globalisation 
– through increased specialisation, greater 
market integration and the removal of barriers, 
the sharing of knowledge and expertise and 
through its impact on worldwide economic 
growth. There is the danger, however, that in 
the new global market in which investment 
in technology and reward for innovation will 
increasingly determine a country’s economic 
performance, the developing countries will ‘leap 
frog’ technological progress and overtake the 
world’s more established economies.
 

Evidence already suggests that with massive 
investments being made in infrastructure 
development by rapidly industrialising countries 
such as China, India and South Korea, and 
by other more developed competitors, the UK 
is beginning to lag behind these worldwide 
advances, causing damage to its international 
competitiveness as well as its global leadership  
in research.

In March 2000, the EU Heads of States and 
Governments agreed to make the EU ‘the most 
competitive and dynamic knowledge-driven 
economy by 2010’. While progress has been 
made in achieving the ‘Lisbon goals’, there is 
growing concern that the reform process is 
not going fast enough and that the ambitious 
targets will not be reached. Greater investment 
in the national e-infrastructure and the more 
coordinated approach to its development, 
detailed in this report, would therefore support 
not only the UK’s vital national objectives but 
also its international commitments.  

1.0  Executive Summary  The growth of the UK’s 
knowledge-based economy depends significantly upon 
the continued support of the research community and in 
particular its activities to engage with industry and to apply 
its world-leading innovations to commercial use. A national 
e-infrastructure for research provides a vital foundation  
for the UK’s science base, supporting not only rapidly 
advancing technological developments, but also the 
increasing possibilities for knowledge transfer and the 
creation of wealth.Table Of Contents 
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formed to explore the current provision of the 

UK’s e-infrastructure and to help define its future 

development. Formed in response to the ‘Science 

and Innovation Investment Framework 2004 –  

2014’, which was published by the Treasury, the 

DTI and the DfES in 2004, it is made up of senior 

representatives from the Research Councils,  

JISC (Joint Information Systems Committee),  
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In the face of these worldwide developments, 
the UK needs a national e-infrastructure 
capable of meeting the needs of UK research 
and researchers in the digital age and the 
needs of the UK in a global market. 

Elements of a UK e-infrastructure have 
grown over the years and indeed have 
helped secure the current standing of UK 
research, supporting vital developments in the 
pharmaceuticals, defence, information and 
media, financial services and other industries. 
However, with rapid advances in technology 
and the increasing dependence of the 
research community on data-intensive forms 
of research, such a position is not sustainable 
without a step-change in national provision 
and concerted action towards e-infrastructure 
development. 

A national e-infrastructure needs: the means 
of producing, managing and preserving vast 
amounts of digital data; sophisticated means 
of accessing an ever-increasing range of 
electronic resources of all kinds; technologies 
and structures to support dynamic and virtual 
communities of researchers; unprecedented 
network, grid and computational capacity; and 

the necessary national services and systems to 
ensure safe and secure access to resources. 
We believe that these and other requirements 
presuppose not only a high level of integration 
and coordination, but also, in key areas, 
intervention at the policy level. 

Underpinning all these requirements is the 
need for the adoption of agreed technical and 
other standards, for the appropriate training 
and skills to ensure that UK researchers from 
all disciplines can compete in a worldwide 
market, and for strong coordination 
between government, funders, research and 
development agencies, service providers, and 
universities and research centres.

The UK has a world-class research base, 
second only to the USA in global excellence 
as measured by citations. We believe that a 
national e-infrastructure built on the foundations 
outlined above and detailed in this report will 
be one that will enhance the global standing of 
UK research, maximise the immense potential 
of new technologies for knowledge transfer 
and help the UK achieve its wider social and 
economic goals.
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Aggregation of knowledge, leading to knowledge transfer, lies at the heart of the innovation lifecycle
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Direction

Quality
Assessment

A national e-infrastructure will:  

>  Support the entire data and information lifecycle, 
accelerating the research process itself 

>   Support the massive amounts of data both created 
and re-used by researchers

>   Ensure that vital and otherwise irrecoverable  
time-based studies continue to be available for  
future research

>   Allow for the re-use and re-purposing of digital  
data in all their forms

>   Encourage partnership between private and public 
sectors to ensure the development of appropriate  
tools and mechanisms to support researchers

 
 
>  Exploit the efficiency gains to be made through 

technological advances, maximising the return on 
national investments

>   Support dynamic or ad hoc as well as longer-term  
and more established research collaborations

>  Support collaborative research in a global environment

>   Support massive volumes of data and  
computational capacity

>   Ensure the security and integrity of the research process

>  Support common authentication and other  
procedures across sectors

>   Manage itself in many respects, allowing for greater 
efficiency

Key benefits
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A national e-infrastructure would enable UK 
research not only to meet these challenges 
and exploit these immense possibilities but 
also ensure that its world-leading innovations 
in technology applications can be harnessed 
to support the UK’s wider commercial and 
economic goals.

While new models of collaborative research 
require the development of advanced 
technologies, they also require significant 
cultural shifts if their immense potential is to 
be realised. People too are a key component 
of a shared national e-infrastructure. Such 
an infrastructure needs, therefore, through 
its structures and mechanisms, to actively 
encourage a sense of joint ownership of that 
infrastructure on the part of researchers.  

We believe that such a culture change will 
not be achievable without the development of 
appropriate incentives and reward structures, 
which only high-level coordination, political will 
and significant investment could deliver.

e-Infrastructure is the term used for the 
distributed computing infrastructure that 
provides shared access to large data 
collections, advanced ICT tools for data 
analysis, large-scale computing resources and 
high performance visualisation. It embraces 
networks, grids, data centres and collaborative 
environments. This report outlines the steps 
needed to ensure that the UK has the  
e-infrastructure it needs to support its research, 
science and innovation goals.

2.0  Introduction  Advances in information technology 
have transformed research. New forms of data-led 
research, the rapid growth of intelligent search capabilities 
and machine-to-machine services, new means of authorship 
and publication, the rise of dynamic and collaborative 
networks, have all brought immense possibilities to research 
and researchers. They have also, however, brought 
enormous challenges.
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 The UK’s e-infrastructure should  
provide researchers with:

>  Access to the systems, services, 
networks and resources that they need 
at the point that they need them 

>  Facilities to discover resources easily 
and use them appropriately

>  Confidence in the integrity, authenticity 
and quality of the services and 
resources they use

>  Assurance that their outputs will be 
accessible now and in the future

>  A location-independent physical 
infrastructure for combining 
computation and information from 
multiple data sources 

>  Advanced technologies to support 
collaborative research 

>  The training and skills needed to 
exploit the services and resources 
available to them

The e-infrastructure should allow  
researchers to:

>  Exploit the power of advanced 
information technologies and applications 
to continuously enhance the process of 
research itself 

>  Collaborate and communicate 
securely with others, across disciplines, 
institutions and sectors

>  Maximise the potential of advanced 
technologies to support innovation and 
experimentation

>  Share their research outputs with others  
and re-use them in the future

>  Engage with industry in support of 
wider economic goals

The e-infrastructure must enable:

>  The growth of knowledge transfer 
and the development of the commercial 
applications of research outputs

>  Research funders to track the outputs 
from the research they fund

>  The protection of individuals’ privacy 
and work, within regulatory, legal and 
ethical constraints

>  The protection of intellectual property 
and rights management

>  The preservation of digital information  
output as a vital part of the nation’s 
cultural and intellectual heritage

4.0  Vision for a national e-infrastructure
The framework sets out the attributes of a  
system for delivering this, including a national  
e-infrastructure for research. The OSI was 
tasked with taking forward discussion and 
developing proposals for action and funding 
for the e-infrastructure for research, and a 
steering group was formed for this purpose. 
This steering group commissioned a study 
to help inform the process of achieving the 
objectives set out in the framework and in other 
Government documents. The study was to 
establish a high-level ‘road map’ of the current 
provision of the UK’s e-infrastructure to support 
research, and in doing so help to define the 
development of this infrastructure. The steering 
group formed six working groups to develop 
this road map in greater detail in specific 
areas. These working groups were tasked with 
producing the following reports:

1. Data and Information creation
2. Preservation and curation
3. Search and navigation
4. Virtual Research Communities
5.  Networks, compute, network and data 

storage
6.  AAA (authentication, authorisation, 

accounting), Middleware and digital rights 
management 

These six broad areas represent distinct 
but interconnected stages of a lifecycle 
(see diagram page 15), a lifecycle that 
encompasses: the creation of digital data; their 
management and preservation for long-term 
use; the means to ensure the effective use of 
that information through highly complex search 
and navigation facilities; the establishment of 
virtual communities to ensure collaboration 
across institutional, disciplinary and even 
national boundaries; massive network and 
computational capacity to support distributed, 
ubiquitous and 24/7 access to resources of 
all kinds; and, finally, services to ensure that 
access is safe, secure and legally compliant. 

Such a lifecycle mirrors other lifecycles within 
the research process, such as that which 
governs knowledge transfer itself – beginning 
with blue-skies thinking, and moving through 
hypothesis, collaboration, experimentation 
and analysis, to the development of products, 
patents and other applications with direct 
economic and social benefits.

The rest of this document summarises the 
key findings and recommendations of the 
six working groups and outlines the major 
benefits of a national e-infrastructure. These 
are preceded by a number of common themes 
and recommendations that emerged during 
the work of the groups, or in subsequent 
consideration by the steering group. 

3.0  Background  In July 2004 the Treasury, DTI and 
DfES published the Science and Innovation Investment 
Framework 2004-2014,1 which set out the Government’s 
ambitions for UK science and innovation over that period,  
in particular their contribution to economic growth and  
public services. 

1 Science and innovation investment framework 2004-2014, HM Treasury, DTI and DfES, HMSO, 2004, available at: www.hm-treasury.gov.uk 
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RESEARCH BASE

PRESERVATION

VIRTUAL COMMUNITIES

5.1. Outreach and technology transfer 

There are significant business opportunities for 
UK industry in helping to meet the academic 
requirements of a national e-infrastructure. 
An effective e-infrastructure will enable the 
commercial sector to exploit more directly the 
outputs of research, supporting knowledge 
transfer and the creation of wealth, and 
enhancing still further the UK’s science base. 
For these reasons engagement with the 
commercial sector must be built into any future 
planning and policy development. 

The existence of a national e-infrastructure 
and the open content available through it 
will stimulate the development of new tools, 
products and even entire industries. The human 
genome is the best known, but by no means 
the only, example of openly available content 
stimulating a wealth of commercial applications, 
which are in turn supporting wider social and 
economic goals.

Other examples of where the ‘academic’ 
requirements of an e-infrastructure and the 
know-how developed within it will result in direct 
benefits to UK industry include: networking 
provision, monitoring and management; novel 
operating system features and components; new 
communication protocols at all levels; specialist 
devices; provision of services from discovery 
and retrieval, through to knowledge-assisted 
metadata authoring and extraction; information 
fusion; and advanced e-business services. 

Appropriate mechanisms and incentives must 
therefore be put in place to support these and 
other possibilities for knowledge transfer. 

5.2. Interoperability and standards

The value of interoperable systems and the 
benefits of an approach based on open 
standards are explicitly acknowledged in the 
UK e-Government Interoperability Framework 
(e-GIF) ,2  compliance with which is already 
a requirement for public sector bodies. As 
acknowledged in the e-GIF, this approach is 
becoming widely recognised by the private 
sector. This has led to calls to adopt the 
policy, or something similar, to further increase 
efficiency and support the development of 
new services across different sectors. The e-
GIF also recognises the critical importance of 
international interoperability, supporting EU and 
international standards above purely UK ones.

A basic prerequisite for the success of a UK 
national e-infrastructure, assumed across 
all expert groups, is the integration and 
interoperation of the infrastructure’s component 
parts. While integration within the UK remains 
vitally important, interoperability is not only an 
issue for the UK. Interactions with emerging 
e-infrastructures elsewhere in the world will 
be a necessary condition for serving the UK’s 
research base.

The initial step in achieving the required 
interoperability of an effective national 
e-infrastructure must be the effective 
interoperation of existing UK resources. To 
achieve this, effective coordination between  
key stakeholders is crucial. 

5.0  Cross-cutting themes  Several cross-cutting 
themes emerged from all six working groups, themes that 
will need to be addressed on a collective basis. These have 
been grouped under seven headings below with a brief 
description and suggestions for ways of addressing them. 

2  See for example: www.govtalk.gov.uk/interoperability/egif.asp

>>
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The second step is a continued commitment to 
open standards for interfaces, procedures and 
policies. These standards may be formal (ISO, 
ANSI etc) or de facto, but it is only through 
standard interfaces and operational procedures 
that we can integrate an ever-increasing range 
of valuable resources. 

5.3. Research and Development 

The rapid development of ICT has left in its 
wake three major problems. The first concerns 
complexity: how to design and build ICT 
systems for quality, reliability, ease of use, 
adaptability and efficiency in both performance 
and cost. The second is how to foresee 
changes in the socio-economic landscape 
and the requirements demanded of ICT. The 
third lies in the technological advances in all 
related fields, such as nanotechnology, such 
that advantage of these changes can be taken. 
Planning and developing an e-infrastructure 
requires solutions to these problems.

The research-led demands for bandwidth, 
compute power and storage capacity outstrip 
capacity and capability predictions based on 
existing technologies. However, ICT has always 
drawn on wisdom from surrounding disciplines, 
both for the requirements of ICT systems 
and for inspiration to solving problems of ICT 
systems. For example, ICT development in the 
medium term is seen to be bound up with and 
to be able to benefit from advances in materials 
science, the understanding of biological 
systems and in cognitive science. 

Without R&D at the existing or an accelerated 
rate in these key technology areas, the UK  
will not be able to develop and maintain an  
e-infrastructure sufficient for its needs.

5.4. Culture change

Many of the changes required by a shared  
e-infrastructure are cultural rather than 
technical. In a research and innovation 
environment in which competitive edge 
is considered important and in which 
infrastructure is deemed a support rather than 
something to which innovators contribute 
directly, a culture of sharing is currently limited 
only to those fields where the individuals 
concerned are seen to benefit directly. Sharing 
information or resources beyond one’s 
immediate field is much less common and the 
benefits of doing so are inevitably much  
less tangible. 

The success of a UK e-infrastructure requires 
the development of a sense of joint ownership 
of that infrastructure and of a culture of sharing 
of research outputs. This depends on the active 
participation of a wide variety of disciplines, 
groups and institutions. 

Appropriate strategic and fiscal policies are 
needed to encourage and reward the sharing 
of research outputs and use of the shared e-
infrastructure, including an acceptance of the 
open access policies currently being developed 
by the UK Research Councils and others. 
Greater recognition and appropriate reward 
structures are also needed in the acquisition and 
making available of research data. It is vital that 
digital preservation becomes an integral part of 
academic life and that researchers are equipped 
with the necessary skills to embed preservation 
methods and processes into the workflow of their 
organisations.

While dissemination and training is vital in these 
areas, it was felt that the greatest motivator 
to the utilisation of the e-infrastructure was 
the perceived success of researchers in 
using it. Only through creating confidence 
in the development and support of the UK 
infrastructure will communities be confident 
enough to invest their own efforts into 
integrating, exploiting, and ultimately enhancing 
the infrastructure itself.

5.5. Coordination

Many different agencies in both the public and 
the commercial sectors are actively involved 
as contributors to the current e-infrastructure. 
While it is possible that there might be some 
consolidation of the current range of agencies 
and service providers over the next five to 
ten years, it is likely that policy and funding 
responsibilities as well as service provision will 
remain distributed across a number of  
different bodies. 

There will therefore remain a need for 
coordination at a number of levels, between:

>  The DTI/OSI, DfES, DCMS, and the devolved 
administrations, with their responsibilities for 
strategic policy and funding

>  Key funding, research and development 
agencies, including the Higher Education 
Funding Councils, the Research Councils  
and JISC

>  Key national resource and service providers, 
including: major libraries; archives; network 
services; data centres and services; research, 
development and advice services; and service 
providers at local level in universities and 
research centres

Moreover, while key elements of the 
infrastructure will depend on investment in 
the UK, much will also depend on linking with 
international developments and services, in 
Europe, the USA and the Far East. 

Effective coordination at both national and 
international levels will not happen by accident. 
It will require a strengthening of procedures and 
mechanisms and close collaboration between 
all the key agencies to ensure that there is clarity 
as to roles and responsibilities and awareness of 
new developments and opportunities, in order to 
avoid both wasteful duplication and damaging 
gaps in provision.

5.6. Quality assurance

Quality assurance must be an overarching 
theme in an e-infrastructure implementation 
and must be ‘designed-in’ from the beginning 
to ensure a trustworthy environment is created. 

The commitment to quality should include ICT 
standards selection and development, project 
management processes, regular audits and 
reviews, as well as an appropriate governance 
model to assure quality considerations are 
consistently applied throughout.

Quality assurance is also a vital concept as 
far as information management is concerned. 
This is particularly true for the publication of 
research findings where a peer-review process 
is typically used to ensure quality. As more and 
more primary, secondary and tertiary research 
information sources appear first in an electronic 
environment, quality approaches to ensure the 
accuracy, integrity, authenticity, provenance and 
value of this information must be developed with 
appropriate metadata describing quality held 
alongside the research information.

The e-infrastructure proposed in this document 
must support the development of those quality 
assurance mechanisms that will ensure it is trusted 
by the community of researchers it supports.

5.7. Training and skills 

All groups highlighted the importance of training 
and skills to enable researchers to be properly 
equipped to take advantage of any future UK 
e-infrastructure. Training should be provided for 
both information professionals and researchers 
– for the former, to ensure that researchers 
are supported in acquiring the skills to use 
the resources effectively; and for the latter, to 
ensure that they are able to work alongside 
information professionals in the development of 
the required tools and services.

Appropriate courses are needed to stimulate 
and equip researchers to use the latest 
e-research tools and collaborative facilities. 
Training is also needed to ensure that 
researchers are supported in observing best 
practice, both within their own disciplines and 
in interdisciplinary fields. There was recognition 
of the need for close links between systems 
supporting education and learning, such as, 
for example, connections between the use 
of virtual learning environments and virtual 
research environments. 
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Supporting research and innovation
The elements of a national e-infrastructure 

“A national e-infrastructure needs: the means of producing, managing and preserving 
vast amounts of digital data; sophisticated means of accessing an ever-increasing range 
of electronic resources of all kinds; technologies and structures to support dynamic and 
virtual communities of researchers; unprecedented network, grid and computational 
capacity; and the necessary national services and systems to ensure safe and secure 
access to resources.” (see Executive Summary, pp. 3-4)

6.0  Working group reports  The following are 
summaries of the findings and recommendations of the  
six working groups brought together to develop the  
road map of the e-infrastructure in specific areas.  
Full reports and recommendations are available at:  
www.nesc.ac.uk/documents/OSI/index.html
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Data and information creation is the gathering 
and production of digital information in all 
forms, from initial experiment to published 
article. Data-intensive methods of research are 
now established as intrinsic to the research 
process, with the vast majority of available data 
now ‘born digital’. Appropriate mechanisms are 
needed therefore to ensure that the creation of 
data is based on commonly agreed standards 
in order that data can continue to be accessed 
and re-used throughout their lifecycle. 

6.1.1. Key findings of the sub-group 
established to look into this area are:

 1.  The future e-infrastructure should 
directly support the management of data 
throughout its lifecycle ’from cradle to 
grave’.

 2.   The future e-infrastructure should reduce 
the cycle time from conducting research, 
through analysis, publication and 
feedback into new research.

 3.  There should be a much greater use of 
simulation-based research and its much 
closer integration with physical research.

 4.  The future e-infrastructure should support 
the use for research purposes of data 
collected for other purposes.

 5.  The future e-infrastructure should be 
based upon standards that support 
uniform classification, integration, 
certification and citation of data across  
all sources.

6.1.2. Key recommendations:

1.  Technology development. We recommend 
a programme of development and deployment 
of technology to support the creation and 
management of data and to accelerate the 
research lifecycle. This should encompass the 
manifestation of the data itself, the metadata 
that describes it, and the software that 
manages and uses it, including:

 1.  Support for global cross-referencing 
between data and software as well as 
for other resources such as people, 
equipment, organisations etc.

 2.  Support for the early and automatic 
creation of metadata to maximise the 
potential for data interoperation by 
supporting optimal reuse of existing 
schema.

 3.  Automatic generation and propagation 
of metadata along with the data itself 
supporting provenance, audit etc.

 4.  Support for software as a core research 
output.

 5.  Interoperating distributed data repositories 
for depositing and accessing data to 
appear to the user as if it were provided 
by a single seamless repository.

 6.  Tools for automated collection and 
management of data objects, with 
tools for data acquisition, data analysis 
software, electronic lab notebooks, 
workflow support etc.

 7.  Standards to support robust 
interoperation of tools in order to keep 
track of workflow, provenance etc. 
This will be required of ‘off-the-shelf’ 
manufacturer-specific tools as well as 
bespoke ’academic’ software.

 8.  Electronic lab notebooks should be 
developed for use in the laboratory or in 
the field with human–computer interfaces, 
which support presentation of information 
in different contexts and for different 
purposes (the lab, the office, for the 
manager, for the future researcher etc.) 

 9.  The real-time analysis of data to support 
new possibilities for efficiency gains.

2.  Support for integration of e-research 
with physical research. We recommend 
a programme of support for e-research and 
its integration with physical research, which 
should include:

 1.  Expanding access to in silico research, 
that is to say, research conducted entirely 
on computers, such as in simulations 
or ab initio calculations, to open up 
new avenues of research and optimise 
exploitation of current activities.

 2.  Improving computer ‘understanding’ of 
research outputs to address complex  
issues surrounding accuracy, 
reproducibility and audit.

 3.  Improving integration of e-research and 
physical research, including computation 
and simulation in real-time, to enable 
more effective and efficient use of physical 
resources.

6.1.3. Key policy recommendations: 

We recommend that future policy 
developments be informed by:

 1.  A strategic approach to digitisation 
and repurposing of data as a means 
of enabling access and new forms 
of analysis. Data standards across 
government departments will enable 
large-scale research, particularly in 
sociological and medical disciplines. Data 
collected by the private sector could also 
be available for scientific purposes.

 2.  The need for standards, data 
integration and certification. 
Equipment standards, software standards 
and information standards are all 
required to enable sharing of data on a 
global scale. Individuals must also be 
given incentives to adopt standards. 
Credit needs to be given for more than 
publications. Issues around ownership 
should not limit openness.

 3.  Developments in open access and 
data citation. The research culture must 
evolve to provide a system of academic 
review and credit for use and citation of 
all forms of research outputs and data, 
as well as publications, negative as well 
as positive results, licences, patents, 
software etc.

Key benefits:

A national e-infrastructure will:  

>  Support the entire data and information  
lifecycle, accelerating the research  
process itself 

>  Support the massive amounts of 
data both created and re-used by 
researchers 

6.1. Data and information creation

For the full working group report please go to: www.nesc.ac.uk/documents/OSI/data.pdf
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Preservation and curation relates to the long-
term management, storage and re-use of digital 
data in all its forms. Digital data and information 
do not survive without active intervention. 
Mechanisms to ensure long-term preservation 
are therefore vital to the research lifecycle.

6.2.1. Key findings of the sub-group 
established to look into this area are:

 1.  Developing a persistent e-infrastructure, 
including new research and development 
programmes, is critical to the delivery of 
the Science and Innovation Strategy and 
Transformational Government agendas.

 2.  Continued dramatic growth in digital 
research data over the next decade 
means that the e-infrastructure must 
evolve so that UK researchers can benefit 
from the new opportunities created.

 3.  Major challenges in the preservation 
and curation of digital information 
require a strategic approach to policy 
and development of the national e-
infrastructure.

 4.  Where disciplinary data centres and 
services exist across the Research 
Councils, they represent approx 1.4–
1.5% of total research expenditure in their 
disciplines.

 5.  Major investments are being made in the 
US information and cyber infrastructure, 
and the gap between the UK and the 
USA is growing.

 6.  Major new industries and opportunities 
are expected in the areas of preservation 
and curation.

 7.  This is not only a problem for the UK 
government to solve and there will need 
to be close partnership with industry.

6.2.2. Key recommendations are:

1.  Digital Preservation and Curation 
Research and Development Programme. 
We recommend Research Council- and 
DTI-funded programmes of fundamental 
and applied research to address long-term 
digital preservation and curation challenges. 
Potential areas of work to be covered by 
this programme have been identified in 
the report of the Warwick workshop (see 
appendix C of the Digital Preservation and 
Curation Working Group report).

2.  Persistent National Information 
Infrastructure Development Programme.  
We envisage a national information 
infrastructure will incorporate and expand 
existing facilities and services and develop 
new ones to provide:

 
 1.  One or more very large-scale national 

research data repositories.

 2.  National discipline-based research data 
centres and services.

 3.  Major national digital libraries and 
university digital libraries and an electronic 
network of UK legal deposit libraries.

 4.  Federated institutional repositories based 
in universities and colleges.

 5. A UK web archive.

 6.  Major national digital archives and shared 
services for the records of government 
and the public sector.

 7.  National or regional shared repositories to 
meet the needs of small and medium-size 
public organisations.

 8.  Data and publication repositories 
maintained by publishers and major 
private-sector industries.

 9.  Links to international facilities, data 
sources and data centres such as CERN 
and the network of Global Data Centres.

 10.  Support organisations enabling 
advocacy, training, collaboration, 
knowledge transfer, and development 
of shared tools, registries, and other 
technical services.

6.2.3. Key policy recommendations: 

We recommend reviewing government 
legislation, regulations, codes of practice and 
policies, to ensure the long-term protection and 
appropriate accessibility of valuable information 
from science data, administrative data and 
electronic publications. This includes finalising 
regulations for legal deposit of electronic 
publications, as well as introducing consistency 
of policy and practice across various 
research sectors, for example, agriculture, 
biotechnology, health and medical research. It 
should also include changes to ensure IPR and 
related legislation balance public and private 
interests appropriately, and the interests of the 
creator/owner and the archive/preservation 
service. We note a number of these issues are 
already under consideration in terms of digital 
rights management by the House of Lords 
Science and Technology Committee.

Key benefits:

A national e-infrastructure will:

>  Ensure that vital and otherwise 
irrecoverable time-based studies 
continue to be available for future 
research

>  Allow the re-use and re-purposing of 
digital data in all their forms

6.2. Preservation and curation 

For the full working group report please go to: www.nesc.ac.uk/documents/OSI/preservation.pdf
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Preservation and curation relates to the long-
term management, storage and re-use of digital 
data in all its forms. Digital data and information 
do not survive without active intervention. 
Mechanisms to ensure long-term preservation 
are therefore vital to the research lifecycle.
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 6.  Major new industries and opportunities 
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sources and data centres such as CERN 
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of shared tools, registries, and other 
technical services.

6.2.3. Key policy recommendations: 

We recommend reviewing government 
legislation, regulations, codes of practice and 
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from science data, administrative data and 
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regulations for legal deposit of electronic 
publications, as well as introducing consistency 
of policy and practice across various 
research sectors, for example, agriculture, 
biotechnology, health and medical research. It 
should also include changes to ensure IPR and 
related legislation balance public and private 
interests appropriately, and the interests of the 
creator/owner and the archive/preservation 
service. We note a number of these issues are 
already under consideration in terms of digital 
rights management by the House of Lords 
Science and Technology Committee.

Key benefits:

A national e-infrastructure will:

>  Ensure that vital and otherwise 
irrecoverable time-based studies 
continue to be available for future 
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>  Allow the re-use and re-purposing of 
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For the full working group report please go to: www.nesc.ac.uk/documents/OSI/preservation.pdf
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Search and navigation is the interactive 
electronic means used by people and 
machines to discover and use a wide range 
of relevant information sources. With massive 
amounts of data in all forms available for re-use 
by researchers, increasingly sophisticated aids 
to navigation – as well as the skills to use them 
– are needed to ensure that these resources 
can be accessed and used.

6.3.1. Key findings of the sub-group 
established to look into this area are:

 1.  Effective search and navigation services 
constitute an essential part of the 
infrastructure for research.

 2.  The increasing variety of information 
poses major challenges for the providers 
of search and navigation services.

 3.  There are particular challenges in dealing 
effectively both with freely available and 
restricted content.

 4.  The development of large-scale generic 
services, including search engines, 
has been accompanied by increasing 
consolidation and integration between 
publishers, aggregators, and abstract and 
indexing services.

 5.  Lack of understanding of researchers’ 
behaviour in seeking and using the 
information they need brings the risk 
of developing services that are less 
than optimal in enhancing search and 
navigation.

 6.  As the large-scale commercial providers 
develop more sophisticated services, 
including intelligent and personalised 
search agents, their usefulness to 
researchers will increase, but these 
providers cannot meet all the search and 
navigation needs of UK researchers.

 7.  To develop more effective search and 
navigation services and to support 
effective machine-to-machine interaction, 
information providers need to develop 
and adopt improved standards for 
metadata.

 8.  The increasing use of informal means 
of communication (eg blogs, wikis and 
user-tagging services) presents both 
opportunities and challenges in ensuring 
users are aware of the quality and 
provenance of content.

 9.  Development of the search and navigation 
infrastructure has involved, and will 
continue to involve, partnerships between 
organisations in the public and the 
commercial sectors, both in the UK and 
overseas.

6.3.2. Key recommendations are:

 1.  User Behaviour. Researchers 
and information professionals need 
good searching skills and should be 
encouraged to become actively engaged 
in the development of specialist search 
and navigation services. There is also a 
need for technically aware trainers based 
within research institutions, to educate 
and train researchers to exploit search 
and navigation resources effectively.

 2.  Finding Aids Programme. We 
recommend a programme to make more 
accessible to the research community 
the vast amount of UK material that is 
currently accessible only in traditional 
physical formats, discoverable only 
through labour-intensive mechanisms. 
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6.3. Search and navigation 

 3.  Search and Navigation Tools 
Programme. We recommend a 
multidisciplinary programme to develop 
innovative search and navigation tools 
and technologies. The programme should 
draw on and contribute to work being 
undertaken in the UK and overseas 
and should address the ever-increasing 
volume of research data, text and data 
mining, moving picture, sound and 
content-based image retrieval, sound 
transcription and indexing techniques, 
and tools to trace data provenance. 

 4.  Semantic Interoperability Programme. 
We recommend a programme to support 
development of semantic interoperability 
and related technologies, through 
which digital content can be made 
understandable by computers. Progress 
is currently being made in the UK and 
overseas across a number of fields, 
but effective coordination of this work 
would lead to the development of more 
sophisticated search services. 

6.3.3. Key policy recommendations:

 1.  Improved metadata and the widespread 
adoption of appropriate standards are 
critical to the future development of 
effective search and navigation services. 
Many different national and international 
standards will continue to be created 
and adapted for different types of data, 
including moving pictures, sound and 
images. Coordinated advocacy will be 
required to ensure that data providers 
supply high-quality metadata in 
accordance with appropriate metadata 
schema.

 2.  Search and navigation services can 
operate effectively only in an information 
environment that is perceived by providers 
and users as transparent and trusted. 
Services therefore need to protect the 
legitimate interests of the providers, users 
and subjects of data and information, but 
also to ensure that the routes for both 
discovery and access to information are 
not needlessly complicated. There is a 
need to review the regulatory framework 
relating to privacy, data protection and 
intellectual property, to ensure that it is fit 
for purpose in the digital age.

Key benefits:

A national e-infrastructure will:

>  Encourage partnership between private 
and public sectors to ensure the 
development of appropriate tools and 
mechanisms to support researchers

>  Exploit the efficiency gains to be made 
through technological advances, 
maximising the return on national 
investments

For the full working group report please go to: www.nesc.ac.uk/documents/OSI/search.pdf
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users are aware of the quality and 
provenance of content.
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infrastructure has involved, and will 
continue to involve, partnerships between 
organisations in the public and the 
commercial sectors, both in the UK and 
overseas.

6.3.2. Key recommendations are:

 1.  User Behaviour. Researchers 
and information professionals need 
good searching skills and should be 
encouraged to become actively engaged 
in the development of specialist search 
and navigation services. There is also a 
need for technically aware trainers based 
within research institutions, to educate 
and train researchers to exploit search 
and navigation resources effectively.

 2.  Finding Aids Programme. We 
recommend a programme to make more 
accessible to the research community 
the vast amount of UK material that is 
currently accessible only in traditional 
physical formats, discoverable only 
through labour-intensive mechanisms. 
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6.3. Search and navigation 

 3.  Search and Navigation Tools 
Programme. We recommend a 
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innovative search and navigation tools 
and technologies. The programme should 
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and should address the ever-increasing 
volume of research data, text and data 
mining, moving picture, sound and 
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and tools to trace data provenance. 

 4.  Semantic Interoperability Programme. 
We recommend a programme to support 
development of semantic interoperability 
and related technologies, through 
which digital content can be made 
understandable by computers. Progress 
is currently being made in the UK and 
overseas across a number of fields, 
but effective coordination of this work 
would lead to the development of more 
sophisticated search services. 

6.3.3. Key policy recommendations:

 1.  Improved metadata and the widespread 
adoption of appropriate standards are 
critical to the future development of 
effective search and navigation services. 
Many different national and international 
standards will continue to be created 
and adapted for different types of data, 
including moving pictures, sound and 
images. Coordinated advocacy will be 
required to ensure that data providers 
supply high-quality metadata in 
accordance with appropriate metadata 
schema.
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operate effectively only in an information 
environment that is perceived by providers 
and users as transparent and trusted. 
Services therefore need to protect the 
legitimate interests of the providers, users 
and subjects of data and information, but 
also to ensure that the routes for both 
discovery and access to information are 
not needlessly complicated. There is a 
need to review the regulatory framework 
relating to privacy, data protection and 
intellectual property, to ensure that it is fit 
for purpose in the digital age.

Key benefits:

A national e-infrastructure will:

>  Encourage partnership between private 
and public sectors to ensure the 
development of appropriate tools and 
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>  Exploit the efficiency gains to be made 
through technological advances, 
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investments

For the full working group report please go to: www.nesc.ac.uk/documents/OSI/search.pdf
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A Virtual Research Community (VRC) is 
a group of researchers, possibly widely 
dispersed, working together and facilitated by 
a set of online tools, systems and processes 
interoperating to support collaborative research 
within or across institutional boundaries, 
typically described as a Virtual Research  
Environment, or VRE. With collaboration 
across institutional, disciplinary and national 
boundaries becoming increasingly important to 
research communities, VRCs will become an 
essential component of the national  
e-infrastructure across all disciplines.

6.4.1. Key findings of the sub-group 
established to look into this area are:

 1.  VRCs can support the cultural and 
methodological requirements of different 
disciplines.

 2.  VRCs can promote effective team work 
that can be as open and participative, 
closed and private, formal or informal and 
structured or unstructured as required, 
and can change between these states 
dynamically, depending on the nature and 
the stage of the research process.

 3.  VRCs have the potential to deliver 
significant gains in the rate of innovation 
and knowledge transfer, and improve the 
productivity and effectiveness of research 
at all levels.

 4.  A VRC will have at its disposal tools to 
identify potential co-workers, interact with 
research, support and finance staff in 
institutions and create links to commercial 
enterprises.

 5.  Further work to develop VRCs must not 
only pursue development of technology 
and standards but also issues of human 
behaviour, the role of government, 
other policy makers and commercial 
organisations.

6.4.2. Key recommendations are:

 1.  Behavioural and social issues. We 
recommend a programme of activities to 
understand the behavioural and social 
issues associated with greater take-
up and transferability of developments 
in VRCs across disciplines. The 
importance of reflecting the real needs, 
habits, preferences and aspirations 
of researchers themselves cannot be 
underestimated.

 2.  VRE development. We recommend the 
continuation and indeed enhancement of 
current VRE development programmes 
to explore and understand concepts, 
techniques and their applications to e-
Science and research, using opportunities 
for joint international programmes where 
possible.

 3.  Research process. We recommend 
a programme to examine the potential 
for VREs to manage the whole research 
process from finding partners and bidding 
through research itself, and to provide 
links to research administration, budget 
management and management by the 
researcher and by institutions.

 4.  Links with virtual learning 
environments (VLEs). We recommend 
an investigation into how VREs can be 
linked to VLEs to support the training of 
the next generation of researchers.

 5.  Collaboration with the commercial 
sector. We recommend the 
encouragement of greater cooperation 
between research and the commercial 
sector to ensure that good practice in 
computer-based collaboration in business 
enterprises can be transferred to  
e-Science.

  

6.4. Virtual Research Communities 

6.  VRC task force. We recommend the 
establishment of a task force to monitor 
developments in VRCs and similar activities 
in e-Science in order to recommend to 
government and funding organisations how 
policies and reward mechanisms can be 
shaped to promote take-up of opportunities, 
and to encourage the development of young 
researchers able to use the full capabilities of 
e-Science when they enter their field.

6.4.3. Key policy recommendations

 1.  The need for standards and 
interoperability. VRCs will need to 
be strongly standards-based to enable 
interoperation between systems. Without 
interoperation there will be significant 
difficulties in applying the technology 
to improve interdisciplinary research or 
to enable knowledge transfer between 
academic researchers and commercial 
organisations.

 2.  International development 
programmes. Successful international 
research collaborations, set up with 
minimal effort, are one of the major 
opportunities offered by virtual research 
communities. A policy of actively 
encouraging international development 
programmes will support both national 
and international objectives, encourage 
the adoption of standards globally and 
improve interoperability still further.

Key benefits:

A national e-infrastructure will:

>  Support dynamic or ad hoc as well as 
longer term and more established  
research collaborations

>  Support collaborative research in a  
global environment

For the full working group report please go to: www.nesc.ac.uk/documents/OSI/vrc.pdf
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and to encourage the development of young 
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interoperation between systems. Without 
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research collaborations, set up with 
minimal effort, are one of the major 
opportunities offered by virtual research 
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encouraging international development 
programmes will support both national 
and international objectives, encourage 
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For the full working group report please go to: www.nesc.ac.uk/documents/OSI/vrc.pdf
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Compute, network and data storage relate to 
the networking and computational capabilities 
available to the research community. 
Unprecedented compute, network and storage 
capacity will be needed to support a national 
e-infrastructure for research.

6.5.1. Key findings of the sub-group 
established to look into this area are:

1. On networking:

 1.  Networks of the future should be seen 
by the end-user not as ‘one size fits all’ 
low-level technical offerings, but rather 
as schedulable and dynamic services 
presented to the end-user.

 2.  The network must be a first-class 
component of future e-infrastructure 
planning.

 3.  Pervasive mobile wireless access is 
increasingly demanded along with an 
international roaming authentication 
system.

 4.   A research network is required on which 
applications can be investigated and 
research conducted into the network 
infrastructure itself.

 5.  The UK lags behind other countries in 
networking. For example, several Eastern 
European countries have more complete 
fibre infrastructure and the Asia-Pacific 
region is ahead on mobile access.

2. On compute capacity:

 1.  At the national level, leading-edge facilities 
are essential to support both capability 
computing and capacity computing.

 2.  The provision of and policies for 
intermediate scale computational 
resources, between the local university 
resources and the UK national facilities, 
are essential.

 3.  A national UK e-infrastructure should 
include visualisation services delivering 
sufficiently high resolution imagery to the 
user on demand.

3. On data storage:

 1.  As data volumes increase, many research 
communities are not prepared, nor are 
the facilities in place, for management of 
these data volumes.

 2.  New data storage technologies may 
be developed sufficiently for use within 
the next decade, but at this time we are 
reliant on disk and tape technology to 
meet the increasing need.

 3.  At the present time it is often the data 
storage systems that are constraining 
large-scale data movement rather than 
the networks.

 4.  Growing use of data storage systems 
requires software developments.

 5.  Both the UK and the EU need to develop 
funding mechanisms that reflect the real 
costs and importance of strategic data 
repositories. Such mechanisms will reflect 
the real staffing costs associated with the 
data repositories.

4. On cross-cutting issues:

 1.  At the present time it is often the data 
storage systems that are constraining 
large-scale data movement rather than 
the networks.

 2.  Faults and attacks on networks and other 
resources will inevitably occur, and so 
they must be designed to deal with this.

 3.  Security needs to be treated as a system-
wide concern that includes coordination 
of policies as well as technologies.

 4.  Support and training in computational 
science and data storage technologies is 
required. This needs to be enhanced and 
rolled out across all disciplines as part of 
any e-infrastructure strategy.

6.5.2. Key recommendations are:

1.  Creating future network infrastructures.  
We recommend that:

 1.  Fibre infrastructure be extended to all 
research sites where practical, and 
international access provided, for 
example through SuperJANET. 

 2.  Robust, resilient, self-managing networks 
be considered basic necessities in order 
to provide the quality of service that users 
will increasingly expect.

2.  Future compute capacity.  
We recommend that:

 1.  Scientific software development and 
support be considered a priority to enable 
algorithm development and deployment 
across new architectures and parallel 
systems.

3.  Data storage systems.  
We recommend that:

 1.  National storage facilities be provided for 
reliable storage for very high volumes of 
data (greater than tens of PB each).

 2.  Discipline-specific data storage facilities, 
optimised to support the access 
paradigms required by their communities, 
to be provided.

6.5.3. Key policy recommendations

 1.  Coordinated computational 
resources. Closer coordination between 
funding agencies, service providers 
and policy developers is required to 
ensure effective use of coordinated 
computational resources.

 2.  Business models. Government policies 
should be adapted to reduce or remove 
the inhibitory effect of the current 
business models of traditional telcos 
(telecommunications companies).

 3.  Computational resources. Support at 
national and university levels should be 
maintained to develop the hierarchy of 
computational resources for capacity and 
capability computing.

 4.  Data storage. Tools and policies should 
be developed to support the appropriate 
use of managed data storage.

Key benefits:

A national e-infrastructure will:

>  Support massive volumes of data and 
computational capacity

>  Ensure the security and integrity of the 
research process

6.5. Compute, network and data storage

For the full working group report please go to: www.nesc.ac.uk/documents/OSI/compute.pdf
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applications can be investigated and 
research conducted into the network 
infrastructure itself.

 5.  The UK lags behind other countries in 
networking. For example, several Eastern 
European countries have more complete 
fibre infrastructure and the Asia-Pacific 
region is ahead on mobile access.

2. On compute capacity:

 1.  At the national level, leading-edge facilities 
are essential to support both capability 
computing and capacity computing.

 2.  The provision of and policies for 
intermediate scale computational 
resources, between the local university 
resources and the UK national facilities, 
are essential.

 3.  A national UK e-infrastructure should 
include visualisation services delivering 
sufficiently high resolution imagery to the 
user on demand.

3. On data storage:

 1.  As data volumes increase, many research 
communities are not prepared, nor are 
the facilities in place, for management of 
these data volumes.

 2.  New data storage technologies may 
be developed sufficiently for use within 
the next decade, but at this time we are 
reliant on disk and tape technology to 
meet the increasing need.

 3.  At the present time it is often the data 
storage systems that are constraining 
large-scale data movement rather than 
the networks.

 4.  Growing use of data storage systems 
requires software developments.

 5.  Both the UK and the EU need to develop 
funding mechanisms that reflect the real 
costs and importance of strategic data 
repositories. Such mechanisms will reflect 
the real staffing costs associated with the 
data repositories.

4. On cross-cutting issues:

 1.  At the present time it is often the data 
storage systems that are constraining 
large-scale data movement rather than 
the networks.

 2.  Faults and attacks on networks and other 
resources will inevitably occur, and so 
they must be designed to deal with this.

 3.  Security needs to be treated as a system-
wide concern that includes coordination 
of policies as well as technologies.

 4.  Support and training in computational 
science and data storage technologies is 
required. This needs to be enhanced and 
rolled out across all disciplines as part of 
any e-infrastructure strategy.

6.5.2. Key recommendations are:

1.  Creating future network infrastructures.  
We recommend that:

 1.  Fibre infrastructure be extended to all 
research sites where practical, and 
international access provided, for 
example through SuperJANET. 

 2.  Robust, resilient, self-managing networks 
be considered basic necessities in order 
to provide the quality of service that users 
will increasingly expect.

2.  Future compute capacity.  
We recommend that:

 1.  Scientific software development and 
support be considered a priority to enable 
algorithm development and deployment 
across new architectures and parallel 
systems.

3.  Data storage systems.  
We recommend that:

 1.  National storage facilities be provided for 
reliable storage for very high volumes of 
data (greater than tens of PB each).

 2.  Discipline-specific data storage facilities, 
optimised to support the access 
paradigms required by their communities, 
to be provided.

6.5.3. Key policy recommendations

 1.  Coordinated computational 
resources. Closer coordination between 
funding agencies, service providers 
and policy developers is required to 
ensure effective use of coordinated 
computational resources.

 2.  Business models. Government policies 
should be adapted to reduce or remove 
the inhibitory effect of the current 
business models of traditional telcos 
(telecommunications companies).

 3.  Computational resources. Support at 
national and university levels should be 
maintained to develop the hierarchy of 
computational resources for capacity and 
capability computing.

 4.  Data storage. Tools and policies should 
be developed to support the appropriate 
use of managed data storage.

Key benefits:

A national e-infrastructure will:

>  Support massive volumes of data and 
computational capacity

>  Ensure the security and integrity of the 
research process

6.5. Compute, network and data storage

For the full working group report please go to: www.nesc.ac.uk/documents/OSI/compute.pdf
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AAA (Authentication, Authorisation and 
Accounting), Middleware and DRM (Digital 
Rights Management), core functions of a 
distributed e-infrastructure, are the ‘invisible 
mechanisms’ on which users rely. Such 
mechanisms are vital if researchers are to have 
safe, secure and legally compliant access to 
the resources and facilities that they need.

6.6.1. Key findings of the sub-group 
established to look into this area are:

 1.  The areas of AAA, Middleware and DRM  
are an integral part of the core fabric of  
a distributed, heterogeneous national  
e-infrastructure.

 2.  The complex technological and policy 
requirements of AAA, Middleware and 
DRM often divorce developments from 
users and their requirements.

 3.  The three areas are at very different levels 
of maturity within the UK, but all will 
benefit from ongoing review and scoping.

 4.  Technology and service development is 
still required in these areas.

 5.  The importance of social interaction 
and technology impact should not be 
overlooked. 

6.6.2. Key recommendations are:

 1.  Virtual organisations. We recommend 
continued support in all of these areas 
to serve the evolving requirements 
of the research process. Many of the 
recommendations in this area are to 
support new ways of working, such 
as Virtual Organisations, or to support 
individuals working outside of existing 
institutional boundaries.

 2.  Tools and services. We recommend 
the continued support for networks 
of excellence, technology review and 
scoping to improve authentication and 
authorisation tools and services.

 3.  Service and software requirements. 
We recommend the continued support 
of work to inform service and software 
requirements. We further recommend 
that work be undertaken to explore the 
role of these technologies and processes 
within existing infrastructures such as the 
Research Assessment Exercise.

 4.  Social interaction and technology 
impact. Support is required to address 
social interactions and the impact of 
technology. Recommendations in this 
area address this issue by looking at the 
development of business models, social 
process studies and take-up support. 

6.6.3. Key policy recommendations

Changing practice. We recommend that work 
be undertaken to change practice and support 
greater take-up. New technologies can only 
be successfully implemented when supported 
by coherent, consistent and well-considered 
policies and practice. Recommendations in 
this area support the changing role of both 
the institution and the user, and look towards 
widening participation within research.

Key benefits:

A national e-infrastructure will:

>  Support common authentication and 
other procedures across sectors

>  Manage itself in many respects, allowing  
for greater efficiency

Further Information 
 

This report is available at: 

www.nesc.ac.uk/documents/OSI/index.html 

Working group reports are available at:

Data and Information Creation 
www.nesc.ac.uk/documents/OSI/data.pdf

Preservation and Curation 
www.nesc.ac.uk/documents/OSI/preservation.pdf 

Search and Navigation 
www.nesc.ac.uk/documents/OSI/search.pdf

Virtual Research Communities 
www.nesc.ac.uk/documents/OSI/vrc.pdf

Compute, network and data storage 
www.nesc.ac.uk/documents/OSI/compute.pdf  

AAA, Middleware and DRM 
www.nesc.ac.uk/documents/OSI/aaa.pdf
 
Science and Innovation  
Investment Framework 2004-2014

www.hm-treasury.gov.uk/spending_review/
spend_sr04/associated_documents/spending_
sr04_science.cfm

 
Other useful links

Office of Science and Innovation 
www.dti.gov.uk/science/

Research Councils UK 
www.rcuk.ac.uk

Joint Information Systems Committee (JISC) 
www.jisc.ac.uk

Research Information Network 
www.rin.ac.uk

British Library 
www.bl.uk
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Accounting), Middleware and DRM (Digital 
Rights Management), core functions of a 
distributed e-infrastructure, are the ‘invisible 
mechanisms’ on which users rely. Such 
mechanisms are vital if researchers are to have 
safe, secure and legally compliant access to 
the resources and facilities that they need.

6.6.1. Key findings of the sub-group 
established to look into this area are:

 1.  The areas of AAA, Middleware and DRM  
are an integral part of the core fabric of  
a distributed, heterogeneous national  
e-infrastructure.

 2.  The complex technological and policy 
requirements of AAA, Middleware and 
DRM often divorce developments from 
users and their requirements.

 3.  The three areas are at very different levels 
of maturity within the UK, but all will 
benefit from ongoing review and scoping.

 4.  Technology and service development is 
still required in these areas.

 5.  The importance of social interaction 
and technology impact should not be 
overlooked. 

6.6.2. Key recommendations are:

 1.  Virtual organisations. We recommend 
continued support in all of these areas 
to serve the evolving requirements 
of the research process. Many of the 
recommendations in this area are to 
support new ways of working, such 
as Virtual Organisations, or to support 
individuals working outside of existing 
institutional boundaries.

 2.  Tools and services. We recommend 
the continued support for networks 
of excellence, technology review and 
scoping to improve authentication and 
authorisation tools and services.

 3.  Service and software requirements. 
We recommend the continued support 
of work to inform service and software 
requirements. We further recommend 
that work be undertaken to explore the 
role of these technologies and processes 
within existing infrastructures such as the 
Research Assessment Exercise.

 4.  Social interaction and technology 
impact. Support is required to address 
social interactions and the impact of 
technology. Recommendations in this 
area address this issue by looking at the 
development of business models, social 
process studies and take-up support. 

6.6.3. Key policy recommendations

Changing practice. We recommend that work 
be undertaken to change practice and support 
greater take-up. New technologies can only 
be successfully implemented when supported 
by coherent, consistent and well-considered 
policies and practice. Recommendations in 
this area support the changing role of both 
the institution and the user, and look towards 
widening participation within research.

Key benefits:

A national e-infrastructure will:

>  Support common authentication and 
other procedures across sectors

>  Manage itself in many respects, allowing  
for greater efficiency
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Summary 

We cover 5 aspects of data creation: 

1. The nature of the data itself 

2. The creation of data by physical research 

3. The creation of data by e-research 

4. The creation of data by digitization or repurposing from other sources 

5. The integration and certification of data 

Throughout the document by data we mean information and data. 

For each topic we give current issues and discuss the functionality to be 
provided by the future e-infrastructure. We then give outline of some new 
aspects of the programme of work required to achieve it. We conclude 
with some general comments on implementing the programme work and 
some “don’t needs” . 
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Summary of current position and “future 
ideal” Infrastructure 
We discuss the current position and some features of the future “theoretical 
ideal” e-Infrastructure provision.  For each of the five topics we highlight some 
issues and give a vision of how they will be managed by the future e-
infrastructure. We then discuss the topic in general  

 

The introduction gives a high-level view of the expected benefits arising from  
investment in the e-infrastructure, the next 5 section cover each of the 5 topics in 
turn. 

 

Throughout this document,  we use data to mean data and other research output 
information such as papers, documents, software, etc. 
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Introduction: The benefits of an effective e-Infrastructure 
 
We expect the future e-infrastructure to accelerate progress by enabling both better 
research (in the efficiency and quality) and new avenues for research (in opening up 
greater opportunity for cross disciplinary research). 
 

Better research 
 

• Openness – the e-infrastructure should support a culture where research 
information is available as widely as possible whist respecting commercial or 
other reasons for restricting access. This will yield greater effectiveness and 
efficiency in the scientific process by facilitating wide collaboration and will foster 
transparency, auditability and the widest possible cross disciplinary opportunities. 
However, openness also places considerable demands on the infrastructure to 
provide mechanisms for the protection of intellectual property which engender 
sufficient confidence in users for them to employ its mechanisms for security, 
provenance, and appropriate distribution rather than to use ad hoc, overly 
restrictive means to protect their interests. 

 

New research 
 

• Integration – the e-infrastructure should facilitate the understanding of research 
information by as wide a group (of people and tools) as possible in order to 
support the  advancement of research of a multidisciplinary nature. A common 
semantic classification of information from all disciplines will minimise the cost of 
integration of resources and therefore support improved cross disciplinary 
research (even enable new cross disciplinary research which would not have 
otherwise been economically feasible). (Who can tell what possibilities may be 
opened up in the longer term future?) 

 
The report identifies 5 topics and for each one describes the current provision and some 
features of a theoretical ideal infrastructure. It then describes the programme of work for 
each topic. It concludes with list of general issues and  “don’t needs”. The 5 topics are:   

1. The nature of the data itself 

2. The creation of data by physical research 

3. The creation of data by e-research 

4. The creation of data by digitization or repurposing from other sources 

5. The integration and certification of data 
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Topic 1. The data itself 
 
The future e-infrastructure will more 
directly support the management of data 
throughout its lifecycle “from cradle to 
grave”.  
 
 
 
 
 
 

Issues 

Data identity. Persistent Unique Identifiers (or an alternative means to achieve this 
functionality) will enable global cross referencing between data objects. Such Identifiers 
will not only be used for data and software but also for other resources such as people, 
equipment, organisations etc.  

 
On the other hand, any scheme of identification is likely to undergo evolution so 
preservation, and in particular integration of archival and current data, is likely to require 
active management of identifiers. 

Data objects. Data will be made available with all the necessary metadata to enable 
reuse. From its creation, and throughout its lifecycle, data will be packaged with its 
metadata which will progressively accrue information regarding its history throughout its 
evolution. 

Data agents. Data will be “intelligent” in that it maintains for itself knowledge of where is 
has been used as well as what it uses. (This can be achieved by bidirectional links 
between data and its uses or by making associations between data themselves stand 
alone entities. In either case, active maintenance of the associations is required.) 
 
Software. Software will join simulations, data, multimedia and text as a core research 
output.  It will therefore require similar treatment in terms of metadata schemas, 
metadata creation and propagation (including context of software development and use, 
resilience, versioning and rights). 

Data Forge”. Rather like sourceForge for software. We imagine a global (probably 
distributed) self service repository of the for data which is made available under a variety 
of access agreements.  
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Discussion  
 
By 2020, “Data networks will have gone from being the repositories of science to its 
starting point”1. Although this quotation perhaps overstates the case, it is clear from 
current trends that the creation of new knowledge by synthesis of data from existing or 
ongoing experiments will become increasingly important in the next decades. However, 
behind this vision, lies a requirement on the data management technology for far greater 
ease in data collection, interoperation, aggregation and access. Technology and tooling 
must be developed to meet this requirements both in the manifestation of the data itself 
and the software that manages it. Critical to this will be the collection, management and 
propagation of metadata along with the data itself. Technology and tools must be 
developed which facilitate: 

1. Metadata schema creation with optimal reuse of existing schema hence 
maximising the potential for data interoperation, 

2. Metadata creation as early as possible and as automatically as possible, and 
3. Metadata propagation, so that data and metadata are managed together by 

applications hence enabling additional types of analysis of the data at each stage in 
its evolution (provenance, audit, etc). 

 
A simple example of first of these would be tools which use standardised domain 
ontologies to find the “nearest existing” schema when attempting to define a new one. 
The second point would be supported by a highly instrumented environment for research 
with context aware knowledge of the processes being enacted. The third requires data 
analysis and transformation tools to be enhanced to maintain metadata relations and an 
infrastructure which enables data and metadata to be handled “as one”.    One 
mechanism which could support this would be the packaging of data and metadata into 
“data objects” which could self-maintain for example by managing bi-directional links to 
related data objects which either use or are used by this data. A simple example of a 
data object could a person specification which, along with name strings etc., self-
manages its links to current affiliation, other people etc. Data and tools using the person 
object would then be liberated from needing to maintain these associated fields.  
 
Along with these technologies will have to be developed the “library” of the data objects 
themselves. There will be, as ever, a pull-push relationship between the development of 
the technology and its use in establishing the datasets which it manages. For the person 
objects example above, one mechanism which could kick-start the creation of this data 
pool would be a number of pilot projects which would cover a large proportion of the UK 
researchers based around existing "hubs" which already have large numbers of 
researchers on their books.  
 
 
 
  

                                                 
1 [Declan Butler, Nature New Feature “2020 computing: Everything, everywhere” 
http://www.nature.com/news/2006/060320/full/440402a.html  doi:10.1038/440402a]
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Topic 2.  Data created by physical research 
 

The future e-infrastructure will reduce 
the cycle time from conducting 
research, through analysis, publication 
and feedback into new research.  
 
 
 
 
 
 
 
 
 
 
 

 
This section covers data created from physical research in the laboratory, field,  or 
facility. 

Issues 
 
Metadata. Key to reuse of data is the (automated) collection of metadata – as much as 
possible and as early as possible. The ideal is that all the information about an 
experiment, the environment, the people as well as the data flowing from the equipment 
and samples is captured in a digital manner as early on in the process as possible.  
 
Research plans. For hypothesis driven research, the research plan will provide a digital 
context to form the basis of automated capture of data and metadata and the policy for 
data distribution.  For exploratory research, the analysis tools will provide some 
assistance in gathering of metadata. 
 
Real-time analysis of data enables new possibilities for efficiency such as a “just 
enough” approach to experimental planning which limits data collection to just sufficient 
to prove or disprove the hypothesis thereby releasing researchers and other resources 
to move on to the next experiment more quickly. This type of  “Heads up” process 
management (perhaps supported by expert systems technology) should be used to 
optimise the efficiency of the research process by dynamically modifying the experiment 
as partial results become available. (Note that the modelling involved is likely to be non-
linear and that statistical analysis will be required as well as application specific data 
analysis.)  

Data Acquisition Tools . Many instruments come with manufacturer specific data 
capture tools. Pressure is increasing on the manufactures to conform to standards at 
least in the way the data collected can be exported from their software - the XML trend is 
increasing. If this can be pushed further on to use Semantic Web/Grid technology, to 
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include the proper semantics and unique identifiers (use of ontologies when possible, 
RDF etc) then data integration will be come much easier. When several machines need 
to be controlled and orchestrated, then tools like LabView, HPV, which are visual 
programming languages, are becoming increasingly used. However, there use in more 
distributed environments, is still largely uncharted. Annotation at source is the ideal.  

Data Analysis Software This is often subject and experiment specific. Software 
packages such as IGOR, R, even EXCEL, plotting packages, need to inter-operate in a 
more robust manner and the ability to keep track of the workflow, provenance etc is 
crucial.  

Electronic Lab Notebooks. ELN is a rapidly growing area. True ELN's for use in the 
laboratory or in the field, rather than for 'after-the-fact' write up, are less common. 
Industry is concerned with information capture, re-use, enforcement and legal issues. 
Academic labs are more concerned with versatility. The Human Computer Interfaces of 
ELNs are very important. The resulting information must be available in different 
contexts and for different purposes (the lab, the office, for the manager, for the future 
researcher etc).  

Virtual Access to Physical Facilities Virtual access to physical facilities will become 
increasingly important as larger teams are needed in multi-disciplinary research which 
can't all be physically present at an experiment. There is a push to provide remote 
access to equipment and the resulting data. There is also a need for provision of other 
services to support the data. All this functionality and service provision needs to be 
content aware.  
 
 
Discussion  
 
In the context of scientific discovery, the laboratory and field notebook has for several 
centuries been an essential tool of the scientific method. This methodology (document 
planning, experiments, results, thoughts etc.) continues and will drive high quality, 
reproducible science but, by 2020, the paper notebook will be replaced by the electronic, 
virtual notebook. The efficient use and re-use of research data will therefore be even 
more highly dependent on the quality of the metadata associated with the data. It will be 
vital to transfer the data to a digital form as early as possible in its creation, to collect the 
associated context at the same time, and to ensure that this information is propagated 
together along the research chain. This will enable much metadata to be captured 
automatically, and transparently and associated with other events (such as weather 
conditions, environmental aspects of the laboratory, people) in a seamless manner. The 
ability to switch the context of the lab notebook, and obtain different views depending on 
circumstances, further enhances the flexibility of the electronic version over the paper 
notebooks. 
Viewed in this wider context, the ability to capture information about the environment of 
an experiment, is further enhanced by the pervasive aspects of modern computing, an 
areas which is growing extremely rapidly. Research can take advantage of the rapidly 
falling cost of sensors to ensure that experiments can be monitored in a far more 
automatics and extensive manner than has been possible in the past, creating a much 
richer source of data for subsequent study. As we push towards a smaller, greener, 
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footprint, the modern ‘smart’ buildings will deliver a much greater built in sensor & control 
network to the laboratory, simply as part of the infrastructure of the building. 
 
The quantity of data and metadata captured by this approach will be a significant 
increase on current data flows, which are already rising exponentially. The quality of 
data collected in this manner will mark it out as much more useful in the longer term. 
However, it will be important to store the information carefully. This is a role for a 
hierarchy of storage systems corresponding to the different administrative domains 
active in the research environment (researcher, research group, department, university, 
national collection, journal, private database holders etc.). These ideas are currently 
being addressed by institutional and subject based repositories. These repositories will 
grow in size and depth over the next 10 years and enable researchers to access 
material by tracing a path from published literature all the way back to the laboratory 
notebook, all via a digital pathway.  
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Topic 3. Data created by e-research 
 
There will be a much greater 
use of e-research and much 
tighter integration of physical 
research with e-research. 
 
 
 
 
 

Issues 
 
New opportunities. e-research, that is research conducted entirely on computers, such 
as in simulations or ab initio calculations, is playing an increasingly important role in the 
process of scientific discovery. As well as opening up new avenues of research it can 
also provide a reduction in cost of  several orders of magnitude and so open up the 
possibility of a vastly increased number of experiments. With these increases in scale 
come requirements for improved reliability, data analysis and statistical analysis 
software, etc.  
 
Auditability. There will be however be complex issues surrounding, accuracy, 
reproducibility and audit, a process akin to sensitivity analysis of the research outputs. In 
e-research, just as in physical research, there will be a need to automatically 
“understand” and make use of previous data.  An e-research equivalent of the lab 
notebook culture will need to be developed. 
 
Integration of e-research and physical research. Computation and simulation in real-
time will increasing become a integral part of the process of undertaking physical 
experiments with e-results, being used to drive the collection and analysis of physical 
processes. This will enable much more effective and efficient use of physical resources. 
 
Large scale research. The e-infrastructure will also  be required to support the large 
scale data processing  and analysis driven by large scale e-experiments and large scale, 
community based research involving hundreds or thousands of researchers linked by 
webs & grids. The possibility of conducting such large scale research will open up new 
avenues for research in many disciplines.   

Discussion  
 
 
There is considerable scope for improvement in research efficiency, and indeed in 
research capability, by closer integration of physical and simulation based research. At 
present, e-research, such as computer simulation and modelling, and experimental 
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research tend to pursue parallel tracks, with comparison of results at the end of each 
process. There are many potential benefits to be brought about by tighter integration of 
these two processes, for example, by real-time feedback between experiment and 
simulation.  
 
In general, these advances can be achieved by the efficient deployment of existing 
technologies, together with effective integration technologies, rather than requiring new 
technological developments. For example, the real-time feedback mentioned above may 
require the use of ‘HPC’ capability specifically at a particular time and for a defined 
period. This type of requirement  is well suited to Grid systems as long as appropriate 
real-time scheduling systems can be suitably developed. 
 
The results of e-research should be considered as data in exactly the same way as for 
experimental research, with the sole exception that in principle e-research results are 
exactly reproducible if the relevant software and all necessary input data/metadata are 
available. This will raise the question of whether it is more efficient to curate the 
complete outputs of e-research studies, or to only curate the inputs plus selected 
outputs. This will be a subject specific decision which will depend on the cost of, and 
possibility for, easy recreation of the outputs, compared to the cost of storage. Where 
complete outputs are curated it is of course necessary that the inputs which in any case 
tend to be smaller) are also curated. 
 
One type of on-line feedback is where real time (but compute intensive) analysis is used 
to produce the ‘final results’ as the experiment proceeds. Experiments can then either be 
continued, stopped or modified depending on the actual results, rather than a pre-
ordained plan.  
 
Another type is where the experimental results are used to incrementally modify a pre-
calculated model. The measurement + modelling then only need to be continued until 
convergence is achieved, or can be stopped if it is clear that this is not going to happen. 
A specific example of this (which happens to have major industrial relevance)  would be 
the use of Finite Element Modelling (FEM) in relation to experimental measurements of 
residual stress in e.g. aircraft components. FEM is a commonly used modelling 
technique, but typically it only provides qualitative rather than quantitative results. 
However, it is cheap in relation to an experimental measurement of corresponding scale 
and resolution. The initial FEM model can guide the measurement to the key points. The 
data at these points can then be used to constrain a new model, which then provides a 
new set of key points for measurement, and so on. Parameters from the final FEM 
model will improve the results of future of similar materials/components, so there are 
considerable potential efficiency gains. (But clearly here this requires the existence of 
accessible results databases, to ensure the forward propagation of the knowledge 
obtained.) 
  

e-research techniques also provide the possibility for new types of experiment, through 
for example the integration of enormous numbers of measurements/observations in a 
single experiment (e.g. sensor inputs used for modern climate modelling), both in a 
structured or unstructured way (e.g. community based observational inputs via the 
internet). These increases in scale also bring a requirement for improved reliability (of 
the internets or grids more than the sensors), new data analysis software etc. 
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2.4 Data created by digitisation and repurposing 
 

The future e-Infrastructure will 
support the use for research 
purposes of data collected for 
other purposes.  
 
 
 
 
 

 

Issues 
 
Strategic Investment. Digitisation is not an end it itself, it is a means to an end, and 
whilst the last decade has seen a rush to digitise within the UK public sector, supported 
by considerable sums of money2,  as well as providing digital content, experience gained 
on these digitisation programmes has helped build capacity with ICT and has amplified 
strategic weakness such as digital preservation needs3.   
 
Repurposing of data for research. Increasingly scientific research will be able to be 
done by harvesting data that already exists for other purposes. Data standards across 
government departments will enable large-scale research particularly in sociological and 
medical disciplines. New research methods will also be enabled by the e-infrastructure 
and its ability to co-ordinate large number of technologically equipped “amateur“ 
scientists. Community supported research conducted by interest groups such as 
environmental or orthinological organisations will become increasingly important and 
valid. Data collected by the private sector (for example from loyalty cards) will also be 
available for scientific as well as commercial marketing purposes.  
 
Public engagement. The e-infrastructure will also support initiatives promoting the 
public engagement of science. In this respect openness pays dividends in the long-term 
through public engagement, an additional benefit over and above direct commercial 
exploitation of research results. New community-based research methods may require 

                                                 
2 Early programmes such as the Research Support Libraries Programme, JISC Fast-track 
Digitisation and New Opportunities Fund Digitisation programmes have been succeeded by more 
recent initiatives such as the JISC Digitisation Programme. These national endeavours have 
been replicated at a local level (see for example the Local Heritage Initiative 
http://www.lhi.org.uk/), and with large scale international collaborative programmes (for example 
the E-content Plus programme http://europa.eu.int/information_society/activities/econtentplus) 
The UK is not alone in this drive (see for example the National Digital Archive Project, Republic of 
China http://www.ndap.org.tw/) 
 
3 [Waller and Sharpe 2006, Mind the Gap, Assessing digital preservation needs in the 
UK, Digital Preservation Coalition, 2006.] 
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coverage of infrastructure beyond that required otherwise, for example beyond the 
universities to the household. 
 

Discussion   
 
Different stereotypes of users reasons for choosing digitised resources have also 
emerged and five example use cases are delineated below. It is noted that one way to 
maximise the use of a resource is to maximise the number of ways in which it may be 
deployed.  Consequently, maximising the re-use of a digital object means identifying, 
reducing and where possible eliminating those barriers. The use cases are: 

• The digital surrogate  
• The digital reference collection 
• The digital research archive 
• The digital learning object 
• The digital archive 

These use cases are neither self-contained nor exhaustive and many resources could fit 
into more than one category. 
  
Digital surrogates provide access to objects that cannot be easily reproduced or 
distributed.  Classically this has been used to refer to rare or precious cultural objects 
(for example the early Beowulf Manuscript in the British Library), but it might reasonably 
also include any digital surrogates that let researchers carry out computer-based 
analysis. Consequently the outputs of scientific instruments and a range of detectors 
might be termed digital surrogates. The use case for digital surrogates is for the group of 
experts that cannot access the original resource but is able to use the surrogate to 
undertake significant parts of their research. 
 
A digital reference collection has two likely uses: as a finding aid for other resources 
and as an authority upon which analysis or discussion can be built.  The former might be 
characterised as a metadata service of one kind or another and is often associated with 
a library or bibliographic function while the latter tends to be more analytical and is 
specific to individual research communities.  However, simply creating a thorough 
catalogue of a particular type of resource can be a work of considerable scholarship, so 
the two functions overlap in production and use.  The use case for such digital reference 
resource is the desk-based assessment at the start of a research project or as an 
authoritative source throughout the project. 
 
The digital research archive is the digital residue that derives from research.  A 
research project may quite legitimately have an analogue output as the principal gaol of 
its research: classically a book, article or monograph.  Although the project does not set 
itself the goal of creating digital objects per se, but may nonetheless created digital 
objects to support an analytical function.  These digital objects may present further 
opportunities for research: either to test and revise the conclusions drawn in the initial 
project through re-analysis; or to provide a knowledge base to which additional data may 
be submitted.  The use case for such archives exist within the research process with an 
expectation that significant findings should be constantly assessed and revised. 
 
Digital learning objects have seen particular expenditure over the last ten years and 
the literature on them is extensive. It is sufficient to say that these may be assembled 
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from many sources, including all of those listed above. However the creation of digital 
learning objects has historically been a major driver in the digitisation process (for 
example the TLTP programme), and many digital objects are created purely for the 
purpose of education. The immediate use case for a digital learning object is the 
teaching and learning context in which it is deployed but arguably any component could 
be used more widely than the learning context.   
 
The digital archive consists of the digital objects associated with an event or process.  
Though not inherently created for research the digital archive may become of interest to 
academic research at some point in the future, and may also have legal or political 
implications too.  This is a superset of the digital research archive, insofar as it is a by-
product of some other activity.  The use case for this type of resource is deferred and 
thus unpredictable. 
 
The above illustration of use cases helps make a broader point – that maximising the 
use of digital resources for research is not simply a question of access agreements, 
cataloguing and promotion.  The nature of digitisation can have a profound impact on the 
sorts of use that a resource will sustain and maximising return on the means extending 
the use cases that a resource can support. 
 
The clearest example of this phenomenon is in regards to learning objects. As long ago 
as 1995 Laurillard noted that we should not confuse access to digital resources with 
teaching or learning. Selection, pathways and guidance into or through the digital 
resource, and tasks that help students explore aspects of the resource are essential. 
Consequently much of the promise of open-ended problem based learning with digital 
resources has proven to be illusory.  Access is not education.  Research archives can be 
educational but other activities are needed to make them so. 
 
The same is true of other use cases.  If the intention is to present a digital surrogate then 
the digital object has to be at least as accessible as the original: but for a digital archive 
security and trust may be of greater importance than access.  A reference resource is 
likely to require mechanisms to ensure currency and accuracy: a digital research archive 
would be inclined to prohibit subsequent corrections and ensure that any subsequent 
additions are monitored and clearly signalled. Research archives will need to provide 
comprehensive access to the original data so that meticulous researchers can evaluate 
its entire contents: a reference resource will be optimised to allow search and retrieval of 
discrete chunks of information.   
 
The method and goal of a digitisation project can constrain or enable the development of 
such additional use cases.  An image taken for educational purposes could conceivably 
be reused as a digital surrogate. A digital surrogate could feed an educational resource, 
a reference collection or a research archive. These categories of use case are not self-
contained, so any single resource could reasonably be used in each of the above 
contexts.  The resource would simply need to be configured and made accessible for 
these different types of use.  However the opposite also applies.  Poor design or 
insufficient metadata capture at digitisation may prevent re-use in research; lack of 
attention to preservation may result in data loss; difficult to use formats may inhibit 
educational use.   
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Digitising has many benefits, but digitisation is not an end in itself, nor should users be 
taken for granted. Evaluating the uses that a resource can support, and understanding 
how those uses can be expanded is critical to the success of any digitisation project.  
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2.5 Data integration and certification 
 

The future e-infrastructure will be based 
upon standards which support uniform 
classification, integration, certification 
and citation of data across all sources.  

 

 

Issues 
 
Standards. Central to much of the vision above is an assumption that  interoperability 
will be greatly improved through the use of  standards of many forms.  Equipment 
standards,  Software standards,  Information standards, will all be in place to enable 
sharing of data on a global scale. To engender this, both technical and behavioural 
aspects related to the development and use of standards will need to be addressed.  
 
On the technical side, a steadily increasing proportion of the instrumentation used in 
experimental research, i.e. in experimental data creation, is commercially manufactured 
and is often well advanced in the application of new e-techniques. However the data 
standards used are usually manufacturer specific, even for similar types of 
instrumentation (as epitomised by the case of the two next generation DVD formats). 
The public sector has a clear role to play in developing and encouraging common 
standards, particularly as the future demand will be increasingly for the ability to combine 
data from a wide range of instrumentation. 
 
On the behavioural side,  the research culture must evolve to make it advantageous to 
the individual researcher to  follow standards?  Credit needs to be given for more than 
publications. Issues around an ownership should not limit openness.  “What’s in it of 
me?” needs to be addressed. 
  

Classification. Information standards will be based around widely used and commonly 
agreed ontologies, thesauri, controlled vocabularies, etc. Mechanisms will be in place to 
bring together ontologies (and other information standards) from different disciplines. A 
place to lodge standards, a managed repository of standards, covering technical 
standards, quality standards, provenance standards, will be available and in use by all 
disciplines. 
 
Open access. The above vision relies on minimising the barriers to access to research 
outputs.  The e-infrastructure will need to support a variety of business models if the 
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content is to me made as accessible as possible with limits to access only for good 
reasons.  This approach should apply equally to  both existing and new research, and be 
irrespective of scale. 

Data citation. The infrastructure will support a system of academic review and credit for 
use and citation of all forms of research outputs, data as well as publications, negative 
as well as positive results, licenses patents, software, etc. 
 

e-learning. As well as enabling information integration, Ontologies will also be used as a 
means for learning.  For example in classifying a piece of data as an air temperature, the 
ontology will ask for altitude, humidity, etc? 
 

Software integration (OLE for science). Scientific software will be interoperable so that 
outputs from different tools can be “cut and pasted” in a functionally enabled way (like 
OLE does for MS Office tools). Thus a graphs included in a paper will be clickable to 
access not only the underlying analysed data, but also analysis software that produced it 
and the data which went into that, etc. 

 
 
Propagating best practice.  The e-infrastructure will support an information 
infrastructure which will provide a means to propagate good practice across disciplines. 
Up to date information on research methods, teaching, legalistic and ethical practices, 
management of ownership, IPR, copyright and privacy, quality assurance,  integrity, 
authenticity, trustworthiness, provenance, audit and accounting will all be available on 
specific projects and in summary form.  This data will be employed in the reviewing of 
projects and programmes. There will need to be a balance struck between Flexibility and 
auditability. Health, Safety and Environment issues require auditability.  As do validation 
of results. On the other hand, these issues should not limit the scientists flexibility to 
dynamically change the direction of their investigations and their research plan during 
the research process. 
 
 
Discussion  
 
An essential first step for the exchange of data and information is the appropriate means 
for data storage and access. The funding and development of robust institutional 
repositories and thematic repositories will allow for the storage and access of data and 
other research output. To date,  much of the work in the field of institutional repository 
work has concentrated on research publications, but further work is being undertaken to 
encourage the growth of repositories of other forms of research outputs.  
 
Critical for the exchange and sharing of data is not only the infrastructure for storage but 
also the cultural change which will reward the deposit of data in appropriate repositories 
and recognise the impact of this data. Currently there is no universal standard for citing 
data. Indeed, ‘citing unpublished data (data that has not been published in the scientific 
literature) in the references, even when electronically archived and made available 
through the Internet, is not allowed by some journals. 
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Collaboration with scholarly publishers is an essential in promoting the cultural change 
necessary to encourage the citation of data.  Publishers could provide authors with the 
guidelines and assistance in the preparation of citations of data and other information.  
 
Data repositories must also be equipped with the tools that will facilitate ease of citation. 
When citing data, researches will require rich and readily accessible metadata that will 
provide accurate information about the authors and developers of such datasets and the 
location of the data. 
 
In the world of scholarly communications researchers are recognised through citation. 
The commercial sector provides the index citation databases that offer a valuable 
measure of the formal scholarly impact of articles, journals, and authors. Not only do 
such databases provide a measure of impact, they provide a means of resource 
discovery – enabling users search and find relevant articles. 
 
It is interesting to note that the commercial sector is already developing citation 
databases of scholarly content from open access institutional and subject-based 
repositories.  Repositories of such content adopt the information standards that allow for 
‘machine to machine’ harvesting of metadata are being searched and cited by these 
emerging services. The emergence of these commercially provided citation indexes will 
provide effective resource discovery and also measure the impact of research outputs 
deposited in such repositories. However, as yet there is as yet no equivalent measure of 
citation or impact of data. 
 
The commercial sector is likely to provide such a service if there is an enabling 
infrastructure and standards. This will require data deposit in open access repositories 
with the metadata that can be harvested so that it can be included in commercially 
provided services. Such developments will themselves reinforce the cultural change 
required to further encourage the deposit and citation of datasets. 
 
Datasets of positive results are not the only output of research that can be deposited and 
made accessible: Software is a research output and a similar programme of 
infrastructure, standards and rewards are required to encourage deposit and citation.  
 
The publication of negative results should also be facilitated. The publication of such 
results can avoid the repetition of costly experiments. The availability of negative results 
has also the potential for use other than the original purpose. For such economy of use it 
is essential that the data collected in negative results is collected and deposited in 
accessible and open repositories. 
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Preface 
In July 2004 the Treasury, Department of Trade and Industry (DTI) and the Department for 
Education and Skills (DfES) published the “Science and Innovation Investment Framework 
2004-014”, which set out the government’s ambitions for UK science and innovation over that 
period, in particular their contribution to economic growth and public services.  

A section of the Framework addressed the need for an e-infrastructure for research. It 
proposed an Office for Science and Innovation (OSI) lead steering group to focus discussion 
and assess requirements for its development.  

To implement this recommendation, the OSI steering group was formed and commissioned a 
study to help inform the process of achieving the objectives set out in the Framework 
document. The study was to tasked with establishing a high-level “road map” of the current 
provision of the UK’s “e-Infrastructure” to support research, and in doing so help define the 
development this infrastructure.  

The steering group subsequently formed six working groups to develop this road map of the 
e-Infrastructure in greater detail in specific areas. These working groups were tasked with 
producing the following reports: 
 

1. Middleware and AAA (authentication, authorization, accounting) and digital rights 
management 

2. Networks, compute power and storage hardware 
3. Preservation and curation 
4. Search and navigation 
5. Information creation and data creation 
6. Virtual research communities 

 
The individual reports are intended to represent the informed opinion of the working groups 
and their contributors and to guide discussion and future development of the e-infrastructure. 
The working groups have worked closely together. Although each report is free-standing, a 
synthesis of all the reports and major issues has also been produced which will provide a 
framework for departmental bids in the next Comprehensive Spending Review and for future 
planning and development of the e-infrastructure for research.  
 
Prue Backway 
Office for Science and Innovation 
Department of Trade and Industry 
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Executive Summary 
Over the next 10 years the move to a digital knowledge economy should largely have been 
completed. Government, research, individuals, and businesses will be dependent on digital 
information. The Science and Innovation Investment Framework has argued that over the 
next decade the growing UK research base must have ready and efficient access to digital 
information of all kinds such as experimental data sets, journals, theses, conference 
proceedings and patents. This is the life blood of research and innovation but presents a 
number of major risks due to unresolved challenges in their long-term management.  
 
This report summarises the work and recommendations of the preservation and curation sub-
group formed by the DTI steering group to address the issues and challenges related to 
digital preservation and curation. Its focus is primarily on the public sector particularly 
government and academic research. Key findings and messages are: 

• There will be dramatic growth in digital research data and publications over the next 
decade and a requirement to transform information provision so that UK researchers 
can benefit from the new research opportunities it will create; 

• There are major challenges in the preservation and curation of digital information; 
• Developing a persistent information infrastructure and new research and 

development programmes will be critical to delivery of the Science and Innovation 
Strategy and Transformational Government agendas; 

• Where disciplinary data centres and services exist they represent approx 1.4-1.5% of 
total research expenditure (excluding indirect overheads/full economic costs); 

• Digital preservation and curation are complex issues requiring a strategic approach to 
policy and development of the national infrastructure; 

• Major investments are being made in the USA in their information and Cyber 
infrastructure: the relative position of the UK to the USA is weakening; 

• We expect major new industries and opportunities to open up in these areas; 
• This is not just a UK government problem to solve and there will need to be close 

partnership with industry in developing and delivering solutions. 
 
Key recommendations are: 

• Policy Development. We recommend reviewing government legislation, regulations, 
codes of practice, and policies, to require or to emphasise existing requirements for 
adequate long-term protection and appropriate accessibility of valuable information 
from science data through to administrative data, and electronic publications.  

• Digital Preservation and Curation Research and Development Programme. We 
recommend research council and DTI-funded research programmes of fundamental 
and applied research by universities and industry to address long-term digital 
preservation and curation challenges.   

• Persistent National Information Infrastructure Development Programme. We 
believe there will be a requirement in an initial period for a central DTI funded national 
information infrastructure development programme to enable the transformation and 
to pump-prime the development of the information infrastructure.  
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1. Introduction 
In July 2004 the Treasury, DTI and DfES published the “Science and Innovation Investment 
Framework 2004-2014” (HMSO 2004), which set out the government’s ambitions for UK 
science and innovation over that period, in particular their contribution to economic growth 
and public services. A section of the strategy addressed the need for an information e-
infrastructure and proposed a DTI (OSI) led steering group to focus discussion and assess 
funding requirements to develop this.  
 
There are significant opportunities but also risks in developing a knowledge economy and 
research culture dependent on digital information and processes. The Science and Innovation 
Investment Framework 2004-2014 recognised that much of the information resources needed 
for research is now, and increasingly, in digital form. This is excellent for rapid access but 
presents a number of potential risks and challenges. For example, the digital information 
created during the last 15 years is in various formats (versions of software and storage 
media) that are already obsolete or risk being so in the not too distant future. Digital 
information is also often transient in nature, especially when published formally or informally 
on websites; unless it is collected and archived it will disappear.  
 
The term digital preservation has been used in this report for the series of managed activities 
necessary to address these preservation challenges and to ensure continued access to digital 
information for as long as necessary. Alongside digital preservation the term digital curation is 
increasingly being used for the actions needed to add value to and maintain digital research 
assets over time for current and future generations of users. The concepts of digital 
preservation and curation are still relatively new and usage varies between sectors and 
disciplines but they should be seen as closely integrated and complementary terms.  
 
This report summarises the work and recommendations of the preservation and curation sub-
group formed by the DTI steering group to address the issues and challenges related to 
digital preservation and curation. It is divided into five main sections. The first three are 
devoted to summary overviews of the current position, our vision for the ideal position in 10 
years time, and our recommendations and proposals on how to get there. Finally we have 
gathered the evidence and detailed reports on the current position and future work required 
into two major appendices (appendix B and C). The evidence gathered represents a snap-
shot as of March 2006. It will inevitably change over time. 
 
Membership of the Preservation and Curation Group is given in Appendix A. The working 
group has utilised the Roadmap Study completed by the Digital Archiving Consultancy of the 
current provision of the UK’s “e-Infrastructure” to support research, the report of the 
November 2005 Warwick Workshop on "Digital Curation and Preservation: Defining the 
research agenda for the next decade", and the Digital Preservation Coalition commissioned 
report “Mind the Gap: Assessing digital preservation needs in the UK” together with input from 
the individuals and organisations represented. 
 
 
 
Neil Beagrie 
British Library/Joint Information Systems Committee 
Chair OSI Preservation and Curation Working Group 
November 2006 
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2. Summary of current position  
2.1 Investment in digital preservation and curation services 
Current UK provision of repositories and investment in digital preservation and curation is 
very uneven. Across the UK as a whole there are still many significant gaps in the provision or 
necessary scale of long-term facilities by discipline, sector, and size of institution. These gaps 
have been highlighted recently by both the DTI commissioned “Survey of the UK’s current e-
Infrastructure Provision for Academic Research” (Digital Archiving Consultancy 2005) and the 
Digital Preservation Coalition commissioned “Mind the Gap: Assessing Digital Preservation 
Needs in the UK” (Tessella 2006). Large repositories have or are being developed by a few 
national bodies such as the British Library, the National Archives, the Ordnance Survey, and 
some research councils such as AHRC, CCLRC, ESRC, and NERC. The commissioned 
surveys suggest the need to address identified gaps and also to build on and accelerate 
development of existing repositories and services. 
 
2.2 Growth trends in digital research information 
Current concerns over developing provision reported by respondents to these surveys, is 
heightened by knowledge of the ongoing trends in the output of and user demand for digital 
research information. These trends are so dramatic that they are putting and will continue to 
put substantial pressure on the existing information infrastructure and working practices. 
Some examples for both data and publications are given below. More detailed examples and 
projections of growth trends for research information and of growth in user demand for digital 
research information are given in Appendix B. 
 
2.3 Growth in volume and use of research publications 
Worldwide growth in published information of both serials and monographs, and a growing 
shift from paper to electronic publication, are already widely recognised trends amongst 
research libraries. Recently the British Library in launching its new three year strategy 
estimated that by the year 2020, 40% of UK research monographs will be available in 
electronic format only, while a further 50% will be produced in both print and digital form. A 
mere 10% of new titles will be available in print alone by 2020. This will not impact solely on 
the British Library: this will be a seismic shift for the Library and its partners in publishing and 
the information sector as a whole (British Library 2005). While this trend has the potential to 
bring huge benefits to all sectors of the community, it will place an even greater urgency on 
the need to develop an infrastructure capable of managing these digital resources.   
 
2.4 Growth in volume and use of research data 
For scientific data, Hey and Trefethen argued that experiments and instruments currently 
being built will dramatically escalate the current rates and volumes of scientific data creation. 
They point out that e-Science data generated from sensors, satellites, high-performance 
computer simulations, high-throughput devices, scientific images and so on will soon dwarf all 
of the scientific data collected in the whole history of scientific exploration (Hey and Trefethen 
2004). Major data growth is occurring not just in “big” science but also at the level of individual 
researchers. With the growth of digital research data there are also increasing opportunities 
for data sharing and re-use and achieving efficiencies in research funding (Lord et al 2005). In 
January 2004 national governments including that of the UK signed the OECD Declaration on 
Access to Research Data from Public Funding highlighting these opportunities and agreeing 
to work towards commonly agreed principles and guidelines (OECD 2004). 



 

 

7
 
2.5 Selection for preservation and curation: the role of data and information 
management policies 
Not all of the digital information being generated will have long-term value and need to be 
curated and preserved for the future. However a significant and growing proportion of it does. 
It is essential that decisions on selection for this preservation and curation form part of an 
organisational process and are not made on an ad hoc basis. This requires ongoing 
processes for care, and selection for retention or disposal. In many cases it may not be 
possible to make a decision on retention and long-term value until sometime after creation. 
This implies that good procures are also needed in the interim period. Data and record 
management and information management policies are central to this and require co-
ordination of policy at a high-level. This is increasingly being recognised and addressed by 
research funders but as yet very few have fully formed data and information policies in place. 
A full overview of the current position is given in Appendix B. 
 
There is often critical linkage between policy and investment in the creation of research data 
and other research outputs and policy and investment in curation and preservation. For 
example initial metadata creation, project documentation, permissions and access 
arrangements are central to future re-use and access. This underlies the need for a strategic 
approach to these issues by funders. Particular difficulties may arise where there are 
inconsistencies between short-term project funding and the medium to long-term needs of 
science and research. Examples of such difficulties have recently been published in relation 
to long-lived data (National Science Board 2005). 
 
2.6 Investment in R&D 
We note current research and development funding for digital preservation and digital 
curation has been limited but increasing in recent years. The majority of UK funding has been 
from the JISC for development projects with very little research council funding available for 
digital preservation or curation research. There is also a danger that the range of researchers 
and practitioners involved has been too narrow: there is a need for a broader research base. 
This observation on the research base has also been made by the NSF/DELOS working 
group on digital preservation (Hedstrom et al 2003). The DTI commissioned “Survey of the 
UK’s current e-Infrastructure Provision for Academic Research” (Digital Archiving Consultancy 
2005) notes the very high international standing of past UK research and development 
projects in digital preservation and curation but suggests that  the lead that the UK had is in 
danger of being lost due to insufficient ongoing investment in these areas. It is also noted that 
embedding in institutions and services is less than optimal if there is an over-reliance on 
project funding for development and investment in services. 
 
An expert workshop convened at Warwick in November 2005 on “Digital Curation and 
Preservation: Defining the research agenda for the next decade” has made the case for a 
higher level of investment in research and development of tools for automation and scaleable 
architectures, and to develop organisational and economic models to meet the challenges of 
increasing volumes of digital information and a corresponding increase in demand for digital 
preservation and curation services (Giaretta et al 2006). 
 
The requirements described above were also echoed in the DPC commissioned Mind the 
Gap report.  One of the 18 identified needs was that ‘There needs to be more technical tools 
to help organisations perform digital preservation activities such as performing format 



 

 

8
migrations, format validation and automated metadata extraction’.  The report also 
highlighted a number of needs targeted at increasing awareness throughout an organisation 
and for funding to take account of the long-term value of digital resources being produced 
(Tessella 2006). 
 
2.7 Industry and public sector services 
Currently the terms digital preservation and curation would not be widely understood or used 
across industry and the public sector services although some of the underlying issues would 
be familiar and solutions to them of common benefit to industry, science and the public sector.  

Retention of electronic records for many decades is a growing issue related to compliance 
with UK and international legislation for many sectors including pharmaceuticals, aerospace, 
petrochemical and nuclear industries, environmental science and engineering, oil and gas 
companies, healthcare, financials, and the legal profession. Compliance and records retention 
bring in the long-term issues associated with digital preservation such as obsolescence, 
authenticity, and access over long time periods. 

For the aerospace and engineering sectors a major emerging digital preservation challenge is 
one of model retention. Product behaviour is increasingly being simulated before the physical 
product is made, and the design models are then used as a direct input to the manufacturing 
machines and robots. There is a practical need to retain information on the facilities and 
equipment used. For buildings the loss of the building CAD model will mean that the cost of 
projects like re-cabling will be unpredictable. Approval for facilities involving chemical, 
biological or nuclear hazards will be contingent on showing that they can safely be 
decommissioned, and consequently that any electronic models needed for decommissioning 
will be available in the long term. Similarly, for complex experiments, retaining the model of 
the experimental system may be as important as the results.  
 
Industry and the public sector are also influenced by the growing volumes of digital 
information, the requirement for greater inter-operability between different data sources and 
data types, and the need to add value to and exploit corporate information. Issues that need 
to be addressed in similar ways as for digital preservation and curation include: reducing the 
cost and complexity of maintaining and exploiting information through the provision of more 
open file formats and data exchange formats; information lifecycle management policies; and 
more effective mass storage. There are therefore shared benefits and interests. Emerging 
examples of this are current moves towards defining open specification standards for Office 
formats by Microsoft, standard archival file formats by the digital photographic industry, or 
archival PDF formats by Adobe. There is still substantial work to do in these areas and 
potentially valuable collaborations to advance this work can take place between the public 
and commercial sectors. Public sector purchasing policies and guidelines may also play a role 
in encouraging this transformation in a similar way to the role played by The National 
Archive’s programme to develop functional requirements for electronic records management 
systems, and to approve software products against those requirements.  

In November 2005, the Government published its strategy, Transformational Government, for 
using IT to drive forward change, improvement, and efficiency in public services.  The basic 
agenda is about customer focus, shared services, and professionalism of delivery.  A key 
underlying theme of Transformational Government is that our government and our society are 
being transformed by the use of technology.  Technology is no longer just a tactical addition 
to conventional business models and methods but a strategic tool for change, modernisation, 
and efficiency in its own right.  One of the drivers for action is that in many parts of society 
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and the economy, we are moving past the “tipping point” of the adoption of IT – where the 
electronic version is the only version, where money, decisions, and knowledge only exist 
online (Cabinet Office 2005). Digital preservation is one of the big issues that information 
producers, information users, government and industry need to address in a digitally-based 
society –for government IT users it needs to be very much part of the Transformational 
Government agenda. 

 
Major industries such as publishing, media, and science based commercial research also 
have a vested interest in supporting the long-term preservation and curation of digital 
information addressed  by others even if they do not undertake this activity directly 
themselves. For example the DTI commissioned report 'Publishing in the Knowledge 
Economy' undertaken in partnership with the publishing associations argued that “in order for 
the UK to protect access to important research material and to ensure that small and not-for-
profit publishers are not unfairly disadvantaged, the archiving of digital research should be 
organised at a national level by Government.” (DTI 2003). 
 

Private individuals are producing an increasingly large quantity of personal, digital 
information, some of which resides on their own computing devices and some externally. 
Email, financial records, documents, audio, images and video are key examples. These 
“personal digital collections” are of significant value to the individuals concerned and notable 
examples will become available to researchers through libraries, archives and other 
repositories. While facilities and services for personal archiving are beginning to appear, they 
remain limited to providing backup and file store functionality with no genuine long-term 
preservation capability.  

Over the next decade many innovations and opportunities for new services and businesses to 
support the information and knowledge management needs of industry, the public sector, and 
of individuals will be created. The DTI is in a position to both influence and assist interaction 
between industry, the public sector and scientific research and catalyse further joint work on 
digital preservation and curation. We believe investment in these areas within science and 
research also will bring major benefits to industry and the public sector. However this would 
not be a one-way street in terms of benefits: we believe partnerships with industry will be 
essential in scientific research and development and that many electronic records 
management practices evolving elsewhere in the public sector will provide valuable input to 
science and research.   

2.8 International comparisons 
Internationally a wide range of bodies including the International Council for Science 
(International Council for Science 2004), the US Library of Congress (Library of Congress 
2002), the National Science Foundation and DELOS (Hedstrom et al 2003), the US National 
Archive and Records Administration, the OECD (OECD 2004),and the US National Science 
Board (National Science Board 2005), have identified an urgent strategic requirement for 
today’s research community and research support organisations to assume responsibility for 
building a robust data and information infrastructure for the future. A number of plans and 
national strategies have been (or are being produced) and examples from a range of 
countries are documented in the appendices.   
 
For example in the USA, the National Science Foundation's (NSF) Cyberinfrastructure 
Council has initiated a comprehensive strategic planning process to guide the agency's 
investments in cyberinfrastructure. Its draft Strategic Plan (2006-2010) for Data, Data 
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Analysis and Visualisation advocates creating a national digital data framework consisting 
of a range of data collections and managed organizations networked together. An Office for 
Cyberinfrastructure has been created with a budget of $127 million (£73 m) potentially rising 
to $182.42 million (£104 m) per annum thereafter. In parallel the US Congress has directed 
the Library of Congress to develop and execute the National Digital Information Infrastructure 
and Preservation Program (NDIIPP) and provided up to $100 million (£57 m) for this purpose. 
The Library of Congress and the National Science Foundation (NSF) have partnered to 
establish a Digital Archiving and Long-Term Preservation (DIGARCH) research programme. 
The US National Archives and Records Administration (NARA) has also awarded Lockheed 
Martin a $308 million (£176 m) contract to build a permanent archives system to preserve and 
manage electronic records created by the federal government. The US National Science and 
Technology Council has identified long-term preservation and the maintenance of and access 
to long-lived science and engineering data collections and Federal records as one of five 
strategic priorities for R&D by federal agencies in the 2007 Presidential budget.  
 
The international comparisons suggest that the UK Science and Innovation Investment 
Strategy currently compares favourably in terms of other national science and research 
policies. It also suggests that the emphasis on supporting information infrastructure as a 
significant part of the strategy is correct and widely recognised elsewhere. However it is worth 
noting there are very major investments being made in implementation of the strategies for 
information infrastructure in the USA. There is a strong impression that the relative position of 
the UK to the USA may be weakening as a result. We believe the research councils need to 
look very closely at information infrastructure developments in the USA.  
 
Within Europe it also appears that the European Union will make increased investments in the 
areas of digital curation and preservation research with highest priority being given to funding 
initiatives which have a proven track record of effort and experience in this area. Further 
investment in relevant UK research and information infrastructure would strengthen the 
position of UK researchers and their ability to successfully leverage EU funding in these 
areas. 
 
Finally we would note that large-scale science is increasingly an international activity in all 
areas. Data curation and preservation also need to be addressed collaboratively at 
international level. 
 
Note: further detailed information compiled on current position is given in Appendix B.  
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3. Summary of ‘theoretical ideal’ situation (10 year time horizon) 
Note: further detailed information compiled on ideal situation in 10 years is given in Appendix 
C. This is based on extracts from the Warwick Workshop final report (Giaretta et al 2006). 
 
3.1 A vision of the future 
Over the next 10 years the move to a digital knowledge economy will largely have been 
completed. Government, research, individuals, and businesses will be dependent on digital 
information. Most human knowledge will be in digital form through a combination of 
continuous exponential growth in “born digital” information and increased investment in 
digitisation of legacy information. There will be a smooth passage of knowledge from creation 
to repositories.  Data creators can store information in appropriate formats and locations.  The 
information will be made available where and when appropriate to other users in a form that 
can be readily consumed with the technology of the day and extra value can be added in an 
audited and reproducible fashion. 
 
A UK information infrastructure supported by the public and private sector will have been 
developed incorporating a network of long-term repositories. It will have accelerated scientific 
progress by providing easier access, curating and preserving core information for re-use, and 
applying sophisticated data mining and analysis tools to reveal new knowledge. It will have 
positioned UK researchers and curators to adapt to and benefit from the vast increases in 
digital information by providing cost-effective tools for automation of processes and resource 
discovery.  
 
Major new industries and innovative business services will have been stimulated in the UK by 
these investments and will have emerged to support the long-term digital information and 
knowledge management needs of industry, the public sector, and of individuals. 
 
3.2 Culture change 
Culture change will have been recognised as one of the major challenges and significant 
effort invested in changing perceptions ensuring there were strong incentives for researchers 
and other stakeholders to support transformations in working practice.  A more widespread 
appreciation of digital preservation would provide an environment in which long term re-use of 
digital information becomes a key activity of academic life, with clearly defined roles and 
responsibilities for digital preservation, and where researchers are equipped with the 
necessary skills and responsible stewardship is embedded within the workflow of 
organisations creating digital resources.  
 
Organisational, social and economic change will have been supported. Economies of scale 
will have been achieved through greater collaboration, shared capacity, interoperability of 
repositories, and by developing a national information infrastructure. 
 
3.3 Network of repositories and policies 
Long-term threats to preservation and curation of digital information arising from 
organisational and administrative disruption, funding instability, or lack of clarity surrounding 
handover of curatorial responsibility will have been addressed. This will have been achieved 
through development of a network of repositories and services, replication and collaboration 
between them, longer-term funding frameworks, and definition of different types of repository, 
roles, and responsibilities over the lifecycle of research information. 
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We will have a complex network of trusted digital repositories and policies in place across 
sectors and disciplines. Good practice guidance, applicable to different sectors, will be widely 
available and there will be a real preservation structure, deployed and used; research and 
new procedures will be driving the cost base downwards. 
 
3.4 Standards, tools and services 
In partnership with the private sector, investment will have introduced widely adopted open 
standards for file formats, metadata description, and tools and shared services for 
automatically monitoring digital files, identifying risks, and addressing digital preservation 
challenges. There will be well-developed certification and audit processes for these services 
and tools. Significant collaboration and partnership between research, industry, and the public 
sector in the UK will have underpinned knowledge transfer and the creation of innovative new 
business services. Automation and the development of new generic tools and processes will 
accommodate higher data throughput and allow greater staff productivity. Ideally over the 
next 10 years we will have seen an increase in the level of automation possible, based on 
more R&D in knowledge and preservation technologies.  
 
3.5 Data sharing and citation 
Citation of data will have become mainstream alongside citation of literature, leading to much 
more data-led research and new types of science. The academic reward system will provide 
appropriate credit and recognition for data contributions. A much improved understanding of 
the real requirements of different disciplines will lead to a cultural change in the attitude 
towards data sharing, licensing and automating access rights, which will lead to fruitful 
interactions within and between various disciplines and sub-disciplines. In addition, a 
developed and interoperable infrastructure will be in place, nationally and internationally, 
which focuses on access and re-use of data.  
 
Much larger scale interoperation of data resources will be available, easily discovered and 
seamlessly used – across data types – across the lifecycle of data – across silos of data – 
and in the context of the broader scholarly knowledge cycle.  Automatic tools for semantic 
information import and export, autonomic curation (e.g. agents) and provenance capture will 
be deployed. All types of multimedia will be more easily indexed and searched than today.   
 
3.6 Intellectual property rights (IPR) 
IPR will be respected and also will enable innovation and appropriate re-use. There will be a 
balance between the individual, commercial, and public interests in relevant legislation and 
recognition of the public interest in enabling digital preservation. IPR tools will stimulate ease 
of access and expressions of rights and permissions and will not be a barrier to preservation 
activities. We will have developed science commons licences to enable data sharing with 
appropriate safeguards for reserved rights and citation for data creators. We will see a much 
clearer understanding of IPR issues. Furthermore, any legal change that has impact on digital 
preservation will be well understood and advocated accordingly.  
 
3.7 Business and Costing Models 
We will have a much better understanding of possible economic models, the benefits and 
costings for preservation and curation over the different stages of the information lifecycle for 
different types of digital material. We will have invested in culture change (see 3.2 above) and 
identified and provided appropriate incentives to support management of research outputs 
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over their entire lifecycle. We will have a well-formed understanding of the risks and 
developed risk management and audit procedures for digital information. 
 
3.8 Metadata 
Metadata standards will be in place at all levels, more widely deployed and implemented, and 
much more scaleable than now. Some key metadata practices will have changed beyond all 
recognition. Metadata standards at discovery level will be containers that allow descriptions of 
content and context (semantic web/RDF/logic) and they will be both machine 
“understandable”, automatically processable, and scaleable over very large datasets.  
 
Metadata will be captured closer to the point of resource creation, as part of the creation 
process (at a time when the required information is cheaply accessible). Mechanisms for 
simplifying metadata creation and capture will have been developed to assist this process.  
More metadata will be inferred automatically from the characteristics of the resource. There 
will be clearly defined responsibility and authority with all metadata collected at different 
stages integrated and cross-referenced, and a good understanding of the value of metadata 
for preservation and curation and of the value of particular fields of metadata and ways to 
quantify these values.  
 
3.9 International collaboration 
The UK information infrastructure and participating organisations will have developed closer 
links with related international initiatives. The UK will work closely with European partners on 
appropriate infrastructure and policies within the European Union, and with a wide range of 
other countries notably the USA. Open standards and many tools and services will be 
developed in international forums and in collaboration with UK and international partners from 
the public and private sectors. 
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4. The way in which research would progress with these additional 
capabilities 
 
The Science and Innovation Investment Framework argued that over the next decade the 
growing UK research base must have ready and efficient access to information of all kinds – 
such as experimental data sets, journals, theses, conference proceedings and patents. This is 
the life blood of research and innovation. Further investment in digital preservation and 
curation capabilities will significantly enhance this process and research by: 
 
(a) Development and provision of historic information and time series; 
(b) Retaining the growing published record of science including data and published articles; 
(c) Promoting the re-use and long-term cost-effectiveness of resources generated by current 
research; 
(d) Allowing the validation of research results; 
(e) Technology and knowledge transfer to industry, government and other sectors; 
(f) Supporting the development of a digital knowledge economy and the transfer from paper to 
digital processes and formats;  
(g) Identifying and disseminating best practice; 
(h) Providing clear advice on selection of material suitable for long-term digital preservation; 
(i) Developing tools and services to aid all of the above. 
 
Some significant steps forward in digital preservation have been made in the UK with 
relatively modest investment. However, over the next 10 years the pace of change, the scale 
and complexity of digital resources to be curated and preserved, and the user demand for 
them, are expected to escalate far beyond current levels. This will require a corresponding 
increase in investment in R&D and infrastructure to ensure the means to manage those 
resources most efficiently and effectively is not compromised. 
 
Plans for future provision by key providers are unlikely to be sufficient over the period to 2014 
to accommodate this scale of change and it also seems unlikely that public (or private) 
investment for individual institutions could expand at anything like the same rate as 
information growth.  
 
Although this transfer to an increasingly digital information environment over the next decade 
will impose many strains and challenges it also presents some opportunities for changing 
procedures and delivery of services that could address these challenges.  
 



 

 

15
 
5. Recommended proposals  
 
We suggest significant further effort needs to be put into developing a persistent collaborative 
information infrastructure for digital materials and into developing the digital curation skills of 
researchers and information professionals in the period 2004-2014. Proposals to achieve this 
are identified by the working group. Without these efforts, we believe current investment in 
research, digitisation and digital content will not secure lasting benefits.  
 
5.1 Policy development 
Description: Amend, clarify or reinforce government legislation, regulations, codes of practice 
and policies to require, or emphasise existing requirements for, adequate long term protection 
and  appropriate accessibility of valuable information of all kinds from the science  record to 
the public and private record. The necessary culture change implications of this will be large 
and are covered in [4.3] below. This proposal includes finalising regulations for legal deposit 
of electronic publications, as well as introducing consistency of policy and practice across 
various research sectors e.g. agriculture, biotechnology, health and medical research. It 
should also include changes to ensure IPR and related legislation appropriately balance the 
public and private interests, and the interests of the creator/owner and the 
archive/preservation service. We note a number of these issues are already under 
consideration in terms of digital rights management by the House of Lords Science and 
Technology Committee. 
 
Benefits:  

• Re-use of the outcomes of major public investment; 
• Retention of  the nation's scientific and cultural heritage for its future research (and 

business) value, accountability, evidential basis of decision making; 
Risks in proposal to be managed:  

• Cultural change needed in organisations to achieve compliance should not be under-
estimated.  

Risks in doing nothing and not proceeding with the proposal: 
• Failure to deliver on Freedom of Information, Legal Deposit, e-Government and other 

related initiatives;  
• Failure to capitalise on previous public investments;  
• Future expenditure to re-create lost data; 
• Loss of historic and time-based data which can not be recreated. 

 
5.2 Digital preservation and curation r&d programme 
Description: research council and DTI funded research programmes of fundamental and 
applied research by universities and industry to address long-term digital preservation and 
curation challenges.  Potential areas of work to be covered by this programme have been 
identified in the report of the Warwick workshop (see appendix C). 
Benefits:   

• accelerated development of business and cost models, and technologies for curation 
and preservation to underpin new digital processes and working methods;  

• UK wealth creation by expanding and creating new markets;  
• positioning of UK research, government, and industry to harness cost benefits in 

information handling and knowledge extraction from long-term data and information 
resources;  



 

 

16
• improves UK competitive advantage in key sectors such as publishing, aerospace, 

pharmaceuticals, and information storage and management;  
• enabling transformational change in public services; strengthening the potential for 

cross-sectoral collaboration and shared services;  
• building on and extending early UK reputation established for world-class R&D in this 

area within the UK education, government, and industry sectors;  
• positioning of UK researchers to leverage further funding from the European Union 

and private sector. 
Risks in proposal to be managed:  

• insufficient follow through from research to development and service 
implementations;  

• failure to develop a sufficiently broad research base;  
• insufficient engagement of industry, practitioners and end-users with research; 

 Risks in doing nothing and not proceeding with the proposal: 
• failure to invest sufficiently in R&D in this area and missing out on the growth of new 

industries;  
• loss of UK research and business competitiveness in key areas;  
• government objectives for transformational government, e-research, and the 

knowledge economy will be seriously compromised. 
 

5.3 Persistent national information infrastructure development programme 
Description: Digital curation and preservation present significant cultural and organisational 
challenges because the needs and benefits often extend beyond a single organisation or 
sector and extend over long periods of time. It is impossible to achieve the broader 
transformation, synergies or collaborations extending beyond individual institutions or 
departments without a strategic approach. The overall process of delivering the information 
infrastructure will also be a complex process over a number of years involving articulating the 
vision, building capability and capacity through pilot projects and training and skills 
development, through to development and to sustainable service and infrastructure. For these 
reasons we believe there will be a requirement in an initial period between 2007-2014 for a 
central DTI funded national information infrastructure development programme to enable this 
transformation and pump-prime development of the information infrastructure needed to 
deliver the Science and Innovation Strategy. We envisage this national information 
infrastructure will develop to include: 

• One or more very large-scale (petabytes) national repositories for research data; 
• National discipline based research data centres and services; 
• Major national digital libraries and university digital libraries and a UK legal deposit 

libraries electronic network;  
• Federated institutional repositories based in universities and colleges; 
• A UK web-archive;  
• Major national digital archives and shared services for government and the public 

sector; 
• National or regional shared repositories to meet the needs of small and medium size 

organisations; 
• Data and publication repositories maintained by publishers and major private sector 

industries; 
• Links to international facilities; 
• Support organisations enabling advocacy, training, collaboration, knowledge transfer, 

and development of shared tools, registries, and other technical services. 
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Benefits:   

• development of an information infrastructure which can support world-class research 
and business development in the UK; 

• supporting UK wealth creation by expanding and creating new markets;  
• positioning of UK research, government, and industry to harness cost benefits in 

information handling and knowledge extraction from long-term data and information 
resources;  

• underpinning UK competitive advantage in key sectors such as publishing, 
aerospace, pharmaceuticals, and information storage and management; 

• enhancing automation of processes via online services and tools;  
• enabling transformational change in the national information infrastructure and public 

services and evolution of a UK network of trusted repositories;  
• strengthening the potential for cross-sectoral collaboration;  
• sharing of best practice, tools, and services in digital preservation and curation;  
• developing more digital repositories across relevant sectors and organisations 

including national or regional provision of services to meet the needs of small and 
medium size organisations; 

• satisfying the growing requirements across government and research for 
“intermediate” (5-75 years) preservation and curation or permanent retention and use 
as part of the UK knowledge base and record of science. 

Risks in proposal to be managed:  
• the requirement for appropriate management and direction of the programme;  
• transitioning from capital funding to ongoing service;  
• governance issues and mechanisms for shared infrastructure and services.   

Risks in doing nothing and not proceeding with the proposal: 
• failure to deliver on the science and innovation strategy; 
• loss of UK competitiveness in research and innovation; 
• inability to cope with future research information and data growth and to capitalise on 

the new research opportunities they will enable; 
• undermining of key UK industry sectors such as publishing that need solutions to 

long-term digital preservation and curation; 
• undermining of the UK public sector and the transformational government agenda 

which will require a persistent information infrastructure for long-term sustainability of 
e-government.  

 
 
Finally in addition to the above proposals, the working group recommended that proposals for 
training and skills, outreach and technology transfer, inter-operability, and quality assurance 
should be developed by the OSI Steering Group on a shared basis across all six OSI sub-
groups. 
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Juan Bicarregui (chair e-infrastructure information and data creation WG) 
 
Virtual Membership  
We are grateful also to a wide panel of expert industry, government, and international 
reviewers of the draft report produced by the Working Group.  
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Appendix B  Evidence Gathered 
B1. Current Position 

B1.1 Long-term Trends 

Current concerns over developing provision reported by respondents to these surveys, is 
heightened by knowledge of the ongoing trends in the output of and user demand for digital 
research information. These trends are so dramatic that they are putting and will continue to 
put substantial pressure on the existing information infrastructure and working practices. 
Some examples for both data and publications are given below. 
 
Examples of growth trends for research information 
 

 
deposited structure in the Protein Data Bank 1972-2005 
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projections 2001-2012 for (from bottom to top) growth in e-only, hybrid paper + electronic, and 

all serial publications. 
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Examples of growth in user demand for digital research information  
 
 
 

 
retrievals from the Hubble Space Telescope and FUSE data archive 1995-2005 
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B1.2 Description of the services and facilities provided 
The Digital Preservation Coalition (DPC)  

The Digital Preservation Coalition is a cross-sectoral membership organisation of 28 leading 
organisations and consortia (as of March 2006) in the UK interested in and/or involved in 
digital preservation. It was established in 2001 to foster joint action to address the urgent 
challenges of securing the preservation of digital resources in the UK and to work with others 
internationally to secure our global digital memory and knowledge base. Funding of 
c£150,000 per annum comes almost exclusively from membership subscriptions. It has been 
highly successful in advocacy and raising the public profile of digital preservation, knowledge 
transfer between members, identifying areas for collaborative activity, and more recently 
training. It also commissions surveys and reports aimed at promoting the further development 
of the infrastructure required to manage digital resources and to support UK research and 
business.  The most recent example of this is the report, Mind the Gap: assessing digital 
preservation needs in the UK.  This report synthesised three surveys and conducted desktop 
research to reveal a signficiant gap between awareness and action in the UK and identified 
eighteen needs aimed at improving the status quo.   
 

Higher Education  

JISC has taken a major role on behalf of the Education Funding Councils by funding a 
number of initiatives within its Digital Preservation programme, sponsoring a number of  
research reports and development projects (e-Science curation, archiving e-publications, 
long-term retention of and re-use of e-Learning objects and materials, requirements on 
preserving e-prints and the Web-archiving: a feasibility study with the Wellcome Trust).  
Earlier funding was provided for the CEDARS and CAMiLEON projects to investigate 
preservation methods. 

A new development has been the establishment of the Digital Curation Centre (DCC), an 
initiative to provide a range of support services to the sector (and outside it) on digital curation 
and preservation, and to conduct research in this area.  It is supplied by a consortium of the 
Edinburgh University, Glasgow University, CCLRC, and UKOLN.  Current funding by the e-
Science Core Programme and JISC takes it to 2007. 

There are three university-based national data services:  MIMAS at the University of 
Manchester holds a mixed set of data sets.  EDINA is in the University of Edinburgh and also 
hosts a mixed set of resources, including information for the social sciences and agriculture.  
Also in the University sector is the National Data Repository at the University of London 
Computer Centre (ULCC), hosting inter alia the National Digital Archives for Datasets (NDAD) 
for The National Archives. 

Many universities have set up, or are considering setting up, institutional repositories (for data 
and publications).  Southampton and Birmingham Universities and Birkbeck College all run e-
prints repositories, which allow self-archiving of research papers using the eprints software 
developed at the University of Southampton, which is used worldwide.  Cambridge University 
Library and the University of Glasgow are developing institutional repositories for data based 
on the DSpace system from MIT, to hold a broader range of data rather than just publications. 

There are many specialist repositories serving specific communities.  We provide here just a 
small sample, taken from the field of bioinformatics: 

Manchester University runs PRINTS, a detailed annotation resource for families of proteins 
and at the same time a diagnostic tool for newly determined genome sequences.  The 
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European Bioinformatics Institute (EBI) at Hinxton near Cambridge is a leading centre for 
genomic and proteomic information, such as ArrayExpress (see also Data Collection), a 
repository for micro array data, the curated UniProt protein database, and the Ensembl 
resource, which provides access to some 20 genome sequences including man.  These 
resources are massively used:  the EBI recorded two million hits on a single day in April this 
year, for example.  Also at Hinxton is the Sanger Centre, funded by the Wellcome Trust, 
providing curated genetic data and tools to explore them such as the GeneDB, which allows 
integrated searching of the gene databases held by the Pathogen Sequencing Unit.  The 
Nottingham Arabidopsis Stock Centre (NASC) provides a resource of plant genomics data to 
a world-wide user base.  

There is lack of repository provision for small research bodies, local bodies, professional 
groups and the general public to lodge data resources. These people are unlikely to be able 
to afford their own repositories or find other suitable hosts. Such repositories will require 
scoping and defining the nature of services to be provided, but it is a vital piece of 
infrastructure that will not be funded or viable without central resource.  Such provision will 
help capture those small information nuggets that may get lost, and can play a strong role in 
educating people generally about e-research and could stimulate greater interest in science in 
the public at large.   

An example of work which can be undertaken by professional groups is The Geological 
Society of London, the geologists’ professional body and a Learned Society celebrates its 
200th year next year. It is developing the “Global Connection Centre for the Earth Sciences”. 
This will digitise the entire catalogue of the library (300,000 books, 800 current journals, and 
worldwide map coverage) and develop full access to the Centre’s resources via the Web. This 
is largely being paid for by gifts from the oil industry. 

 

Industry  
It is important to note that currently the terms digital preservation and curation would not be 
widely understood or used across industry sectors although some of the underlying issues 
would be familiar and solutions to them of common benefit to industry, science and the public 
sector.  

For example retention of electronic records for many decades is a growing issue for many 
industry sectors such as pharmaceuticals, petrochemical and nuclear industries, 
environmental science and engineering, oil and gas companies, healthcare, financials, the 
legal profession, and aerospace for compliance with UK and international legislation. 
Compliance and records retention brings in the long-term issues associated with digital 
preservation such as obsolescence, authenticity, and access over long time periods. 

However compliance is largely seen an externally imposed cost by management and in the 
long-term may be less significant as a driver in this area for industry. Business is as 
influenced by the growing volumes of digital information, the requirement for greater inter-
operability between different data sources and data types, and the need to add value to and 
exploit corporate information. Issues such as reducing the cost and complexity of maintaining 
and exploiting information through the provision of more open file formats and data exchange 
formats, information lifecycle management policies, and more effective mass storage are also 
required in similar ways as for digital preservation and curation. There are therefore shared 
benefits and interests. Emerging examples of this are current moves towards defining open 
specification standards for file exchange formats by Microsoft or the OpenDocument format 
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(now an ISO standard), standard archival file formats by the digital photographic industry, 
or archival PDF formats by Adobe. 

The PLANETS digital preservation research project consortium has estimated that the value 
of digital documents produced in the EU which are in danger of digital obsolescence – if no 
action were taken to preserve them – is in excess of €3 billion per year. This is based on 
conservative estimates for the value of documents and the decay of this value over time. The 
consortium also estimated that if the average lifetime of file formats can be extended by just 
two years, the value of documents endangered by digital obsolescence might be reduced by 
as much as €1 billion euros every year. 
 
Substantial work has been done on information standards in engineering – notably on the 
STEP (ISO 10303) standards – and this sector is increasingly looking at medium to long-term 
issues for interoperability and system independence. For example there is work currently 
underway in the aerospace industries to produce an international standard for Long Term 
Archiving and Retrieval (LOTAR) of digital technical product documentation such as 3D, CAD 
and PDM data (AECMA 2006) utilising the ISO standard reference model for Open Archival 
Information Systems – OAIS (ISO 14721). 
 
In the aerospace sector it can be argued that the major emerging digital preservation 
challenge is one of model retention. Product behaviour is increasingly being simulated before 
the physical product is made, and the design models are increasingly used as a direct input to 
the manufacturing machines and robots. Any particular presentation displays only part of the 
model appropriate to the task being performed by a user. Further, model information is 
interchanged both along the process chain and up and down the process hierarchy. 
Consequently, the proof that a part is safe to use relies increasingly simulations driven directly 
from design models.  
 
Most industry sectors have reached the tipping point where electronic data is the primary 
source. In engineering there is a second tipping point, where the model is primary, rather than 
the presentation of the model. This point is already in view for the physical design of products, 
and as tools grow in sophistication, this will affect most areas of engineering. When this 
tipping point is reached, any return to non-electronic documentation will no longer be 
possible. It is one of the aims of the LOTAR project to ensure that engineering companies can 
retain digital design models over the long-term, and hence can safely cross that second 
tipping point.  
 
There are two issues that arise from this new engineering environment dependent on digital 
modelling. Firstly, there is a practical need to retain information on the facilities and 
equipment used. For example, at the lowest level of risk, loss of the building CAD model will 
mean that the cost of projects like recabling will be unpredictable. Approval for facilities 
involving chemical, biological or nuclear hazards will be contingent on showing that they can 
safely be decommissioned, and consequently that any electronic models needed for 
decommissioning will be available in the long term. Secondly, for complex experiments, 
retaining the model of the experimental system may be as important as the results. A further 
consideration is that the same digital models needed for long-term retention can be used for 
intra- and inter-enterprise integration, and this is currently the driver for technologies and 
engineering standards such as STEP.  
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Other major industries such as publishing, media, and science based commercial research 
also have a vested interest in seeing the long-term preservation and curation of digital 
information addressed  by others even if they do not undertake this activity directly 
themselves. For example the DTI commissioned report 'Publishing in the Knowledge 
Economy' undertaken in partnership with the publishing associations argued that “in order for 
the UK to protect access to important research material and to ensure that small and not-for-
profit publishers are not unfairly disadvantaged, the archiving of digital research should be 
organised at a national level by Government.” (DTI 2003). 
 
There are some outsourced/aggregated providers of industry information. Common Data 
Access for North Sea oil exploration data is one such, working in collaboration with NERC’s 
British Geological Survey to hold the National Hydrocarbons Data Archive as well as other 
data. Commercial providers of electronic content as well as traditional formats such as 
newspapers have digital repositories of their materials for internal and business to business 
use.  Media companies (broadcasters, film, advertisers) also maintain such repositories. 
There are a few private digital data archives in the pharmaceuticals industry (Pfizer in the UK, 
GlaxoSmithKline), and media sectors.  Many commercial companies have their own research 
libraries (e.g. the pharmaceuticals companies). 
 
Research Councils: 

 
AHRC Joint JISC & AHRC supported Arts and Humanities Data Service. This service 

is divided into five subject-specialist units located at academic centres of 
excellence, with a central coordinating office at Kings College London.  The 
AHDS provides curatorial services and extensive support for users.  It is 
planning to centralise its storage arrangements, leaving the five units with 
preservation and subject-specific support functions. 

AHRC Joint ICT policy with AHDS covering archiving. For grants awarded 
where a significant product is the creation of an electronic resource, data and 
documentation must be offered to AHDS within 3 months of the end of the 
award. 

BBSRC BBSRC has undertaken a consultation on a draft data sharing policy and a 
formal policy is planned to be published for implementation in summer 2006. 
Researcher data sharing obligations are under consideration as part of policy 
development.  BBSRC will aim to encourage and facilitate data sharing and is 
proposing to provide: 

(a) Funds to support community resources and facilitate development of data 
sharing approaches in specific communities and to support development of 
standards and software tools which enable data sharing. 

(b) Information and guidance to applicants including information about existing 
standards, guidelines, databases and resources that may be relevant. 

(c) Support for relevant training activities. 

EPSRC Data managed in a durable form under control of the institution of origin.  
EPSRC does not overly intervene in the research dissemination process and 
has no formal policy in this area.  It encourages investigators to manage primary 
data as the basis for publications securely and for an appropriate time in a 
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durable form under the control of the institution of their origin.  A consultation 
with the EPS community on the research output dissemination process and 
common practices for data sharing is currently underway. 

ESRC Joint JISC & ESRC supported UK Date Archive, including the Economic and 
Social Data Service. This provides preservation services and conducts research 
into data management and preservation.  Formal ESRC data policy.  Current 
version dates from 2000, but to be updated soon. Applicants must carry out a 
data review to ensure funds are not requested for data that are already 
available.  Data must be offered to the Data Archive within 3 months of end of 
award. 

MRC Encourages curation and long-term management.  Onus is on the PI and their 
institution. MRC have recently implemented a Data Sharing and Preservation 
Policy that will apply to funding proposals awarded from January 2006.  From 
this date applicants must produce a plan for data sharing and preservation. 

NERC NERC supports seven discipline based, long-term Designated Data Centres 
that are organised in a similar fashion to the AHDS.  These data centres fulfil 
the role of national stewards of environmental data.  The NERC Data Grid is 
being developed to provide a seamless access gateway into these resources.  
In addition, NERC supports data management activities in support of specific 
research programmes, including the NERC Environmental Bioinformatics 
Centre.  NERC has a well-developed Data Policy and the current version dating 
from 2002 is currently being updated.  NERC funded programmes must have 
data management plans.  All data collected under NERC funds must be offered 
to a NERC data centre however PIs allowed reasonable time for first use. 

PPARC Supports long-term curation of selected data sets.  Curation and sharing driven 
by the science and recognised that it is not appropriate to maintain all data.  
Subject specific data centres are supported as projects.  The general principles 
of the PPARC data policy are that data generated through PPARC’s research 
programmes, should, where possible and economic, be made available to all 
(after a proprietary period, if applicable).  New projects are required to formalise 
data ownership and agree distribution mechanisms before projects are funded. 
Projects are required to address long-term data curation at the end of a mission 
or experiment. Projects are given the flexibility to adapt their data curation plans 
to suit the needs of science exploitation. 

CCLRC The CCLRC funds a high-capacity storage facility at RAL for archiving large 
data sets based on robotic tape storage.  This store has a nominal capacity of 
1Pbyte and has been operational since 1986 and in its present configuration 
since 1998.  This store as yet provides limited curatorial services for specific 
data sets, though plans are being made to move to an increased curatorial role.  
CCLRC is working on several e-Science projects aimed at this.  

 

 
Libraries, Museums and Archives 

In contrast to the data stores summarised above these resources provide stores focused 
more on documentary information, sound, images and video items, as opposed to large 
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volumes of numerical data. There are many hundreds of university and college libraries, 
national, regional and local libraries, archives and museums. We summarise here only the 
largest UK institutions (The British Library and the National Archives). Other major providers 
are listed in section B1.3. 

The British Library is an internationally renowned resource, with a vast collection of some 150 
million items in many formats, both digital and physical (including 3.5 million sound 
recordings).  Its catalogues are online and resolve some 150 million searches per annum.  It 
is a legal deposit library, the other five being the National Library of Scotland, Bodleian 
Library, Cambridge University Library, Trinity College Dublin, and the National Library of 
Wales.  The British Library is making a major investment in long-term digital preservation 
through its DOM programme.  The vision for this programme is to “enable the UK to preserve 
and use its digital output for ever”.  The DOM programme is creating a secure archive 
primarily for text-based material but is also exploring the storage of audio, maps, and web 
content as part of its legal deposit remit.  A digital preservation team is being setup to ensure 
the long-term issues of technological obsolescence are effectively managed. 

The National Archives of England, Wales and the United Kingdom (TNA) has one of the 
largest archival collections in the world, spanning 1000 years of British history, from the 
Domesday Book of 1086 to the latest born-digital government records. TNA has a dedicated 
Digital Preservation department, and has been operating a digital archive for born-digital 
public records since 2003. Through its Seamless Flow programme, TNA is now developing 
end-to-end procedures and automated systems for managing its electronic collections, 
including appraisal and selection, transfer to TNA, long-term preservation, and delivery to 
users. The PRONOM technical registry has been developed by TNA as a service to support 
preservation planning. Its database contains detailed information on over 550 current and 
obsolete file formats, together with the software required to access them. Wherever possible, 
information for this database is provided by software vendors. The PRONOM Unique 
Identifier (PUID) scheme provides persistent unique identifiers for file formats recorded in the 
registry, and has been adopted as the preferred encoding scheme for file formats within the e-
Government Metadata Standard. TNA has also recently released DROID, a Java tool for 
automatically identifying file formats, using signature information stored in PRONOM. 
Electronic Records Online, the pilot version of TNA’s web-based delivery system, was 
released in 2005. The National Archives of Scotland and Public Record Office for Northern 
Ireland are both also developing systems for preserving electronic records. 

Both the British Library and The National Archives are partners in the UK Web Archiving 
Consortium, a collaboration between six leading UK institutions, led by the BL, to develop a 
test-bed for selective archiving of UK websites.   

Unaffiliated research and private individuals 
Private individuals are producing an increasingly large quantity of personal, digital 
information, some of which resides on their own computing devices and some externally. 
Email, financial records, documents, audio, images and video are key examples. These 
“personal digital collections” are of significant value to the individuals concerned and in the 
case of a smaller number of notable examples will form the basis for more widely relevant 
cultural and scientific memory which will become available to researchers through libraries, 
archives and other repositories. While facilities and services for personal archiving are 
beginning to appear, they remain limited to providing backup and file store functionality with 
no genuine long-term preservation capability. R&D in digital preservation and curation may 
provide a framework within which private enterprise will have the opportunity to capitalise on 
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these activities and emerging needs for mass market long-term storage and access for the 
digital memories of individuals. 

 
B1.3 Identification of the major providers  
 

Category Major components 

K.  Preservation  

 JISC Preservation development programme 

 Digital Curation Centre 

 Digital Preservation Coalition 

 National Archives, including the PRONOM system 

 British Library, including the Digital Object 
Management programme 

 BBC 

 

 

 

 

 

Category Major components 

A.  Information 
Curators  

 

Current:  

Libraries & 
archives

British Library  

 National Libraries of Scotland and Wales 

 Other libraries of deposit (CUL, OUL, TCD,) 

 The National Archives 

 National Archives of Scotland;  Northern Ireland 
(PRONI) 

 National Film & Television Archive 

 Specialist libraries and archives 

 Local archives and record offices 

 Libraries in commercial organisations  

 Libraries in national laboratories, learned societies 

 Research libraries in HEIs (institutional, faculty, 
departmental) 
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Category Major components 

A.  Information 
Curators  

 

Data stores Atlas Data store 

 AHDS, five subject repositories 

 NERC, eight thematic data centres 

 UKDA 

 ULCC 

 EDINA 

 MIMAS 

Digital repositories A growing number of institutional and self-
archiving repositories using software such as 
LOCKSS, Fedora and DSpace 

 JSTOR (Journal archive, UK mirror site at 
MIMAS) 

Publishers Commercial, learned societies, university presses,  
– many and various 

 HMSO 

 Abstracting and Indexing Services (A&I) - various 

Government 
agencies 

UK Government Departments of State and 
Executive Agencies  

 UK Local Authorities 

 Meteorological Office 

 European Centre for Medium-range Weather 
Forecasting 

 Ordnance Survey 

 British Geological Survey 

 UK Hydrographic Office 

 
 
 
 
 
B1.4 Estimate of current expenditure 
The research councils do not identify expenditure on digital preservation and curation as a 
separate budget heading except where they are funding data centres. It would be valuable to 
identify future metrics which could track and report other relevant expenditure.  
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Currently the JISC and AHRC spend c£.11m per annum on the Arts and Humanities Data 
Service, ESRC and JISC c£1.8m per annum on the Economic and Social Data Service, and 
NERC c£5.5m per annum on the 7 NERC data centres.  
 
The UK government science research budget in 2005-6 is allocated currently as follows: Arts 
and Humanities £68m; Biotechnology and Biological Sciences £321m; Central Laboratories of 
the Research Councils £301m; Engineering and Physical Sciences £575m; Economic and 
Social Sciences £126m; Medicine £503m; Natural Environment £370m; Particle Physics and 
Astronomy £342m; other UK Gov. depts £701m. Funding for preservation and curation across 
the research councils varies according to needs and scale of the disciplines involved. 
However from the above it can be seen that where data centres and services exist they 
represent approx 1.4-1.5% of total research expenditure (excluding indirect overheads and 
full economic costs). 
 
The JISC contributes c.£780,000 and the EPSRC (via the e-science core programme) c 
£500,000 per annum (c£1.28m pa in total) to the Digital Curation Centre. JISC core 
programme funding for digital preservation in institutions is currently £710,000 for the 
academic year 05/06.  
 
In the current financial year the British Library is spending c £1.25m per annum on digital 
preservation. This figure covers the activities of the digital preservation team, web-archiving, 
and development of the national digital library storage system (DOM). 
 
The National Archives currently spends c. £2 million per annum on digital preservation-related 
activities. This figure covers the activities of the Digital Preservation Department, the NDAD 
and web archiving programmes, and the Seamless Flow programme, which includes further 
development of the Digital Archive and PRONOM. 
 
Levels of investment by Industry are largely commercial in confidence and cannot be 
quantified by the working group. 
 
B1.5 Summary of plans for future provision by the key providers. 
The National Archives plans to spend c. £8 million on digital preservation-related activities 
over the next 3 years. Over the next two years the British Library plans to spend c. £4.75 
million on digital preservation-related activities. In addition, the BL and TNA will be 
participating in the EU-funded PLANETS project, which is expected to receive total funding of 
£6 million over the next four years. 

JISC has £14million Comprehensive Spending Review money allocated for supporting capital 
development of digital repositories, digital preservation and shared services in universities 
over the next 3 years. It is difficult to say how much of this is for preservation as it is an 
integrated part of the work. JISC core programme funding for digital preservation in 
institutions currently £710,000 for the academic year 05/06 will reduce to c£500,000 per 
annum in future years.  
 
Funding over next 2 years for research data centres and services is expected to show small 
increases in real terms although some will also benefit from the introduction of full economic 
costs in their support funding. 
 
The JISC funding profile for the Digital Curation Centre over the next 2 years is: 



 

 

32
AY05/06: £779,740  
AY06/07: £516,242 

Six biomedical research funding bodies and charities, headed by the Wellcome Trust, have 
formed an alliance to create the UK's own PubMed Central, a British version of the US 
repository of openly available peer-reviewed scientific research.  Management for this is 
currently out to tender. 

 
B1.6 International comparisons 
This section is not intended to provide comprehensive international coverage. Countries have 
been chosen to provide an appropriate international selection of leading research and 
emerging research countries against which the UK position and proposals can be 
benchmarked. 
 
North America 
USA 
The National Science Foundation's (NSF) Cyberinfrastructure Council has initiated a 
comprehensive strategic planning process to guide the agency's investments in 
cyberinfrastructure: the IT-based infrastructure increasingly essential to progress in science 
and engineering. The agency's plans are being developed in a document entitled "NSF's 
Cyberinfrastructure Vision for 21st Century Discovery". Its draft Strategic Plan (2006-2010) for 
Data, Data Analysis and Visualisation envisages that: “In the future, U.S. international 
leadership in science and engineering will increasingly depend upon our ability to leverage 
this reservoir of scientific data captured in digital form, and to transform these data into 
information and knowledge aided by sophisticated data mining, integration, analysis and 
visualization tools.” It advocates creating a national digital data framework consisting of a 
range of data collections and managed organizations networked together. The National 
Science Board (NSB) has published a report on Long-Lived Digital Data Collections. It 
recognizes the growing importance of these digital data collections for research and 
education, their potential for broadening participation in research at all levels, the ever 
increasing NSF investment in creating and maintaining the collections, and the rapid 
multiplication of collections with a potential for decades of curation. 
 
The Report of the National Science Foundation Blue-Ribbon Advisory Panel on 
Cyberinfrastructure published in 2005 advocated additional spending of $185 million (£106 m) 
on data centres and $30 million (£17 m) on digital libraries for science and engineering as 
part of Cyberinfrastructure development. In June 2005 NSF created the Office of 
Cyberinfrastructure (OCI), which has a Fiscal Year 2006 budget of $127 million (£73 m). The 
President's budget request for OCI in FY2007 calls for $182.42 million (£104 m) --an increase 
of $55.3 million (£31 m), or 43.5%. 
 
In December 2000, the US Congress directed the Library of Congress to develop and execute 
the National Digital Information Infrastructure and Preservation Program (NDIIPP) and 
provided up to $100 million (£57 m) for this purpose. The primary goals of NDIIPP are to 
develop a national digital collection and preservation strategy; establish a network of partners 
committed to digital preservation; identify and preserve digital content that is significant and at 
risk; and support improved tools, models, and methods for digital preservation. The Library 
and the National Science Foundation (NSF) have partnered to establish a Digital Archiving 
and Long-Term Preservation (DIGARCH) research program as part of NDIIPP, and recently 
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divided $3 million (£1.7 m) among awarded 10 projects to undertake pioneering 
investigations. 
 
In 2005 The US National Archives and Records Administration (NARA) announced it was 
awarding Lockheed Martin a $308 million (£176 m) contract to build a permanent archives 
system to preserve and manage electronic records created by the federal government. While 
the full system is scheduled to be completed by 2011, a functional subset of the system will 
be operating by 2007. 
 
Some interesting pointers to future priorities in US government R&D expenditure are 
contained in the The Supplement to the US President’s Fiscal Year (FY) 2007 Budget. The 
Supplement provides a technical summary of the budget request for the Networking and 
Information Technology Research and Development (NITRD) Program. The NITRD Program, 
now in its 15th year, represents the coordinated efforts of the many US Federal agencies that 
support R&D in networking and information technology. Selected extracts below: 
 
Highlights of the President’s 2007 Request 
Strategic Priorities Underlying This Request 
– Long-term preservation: Maintenance of and access to long-lived science and engineering 
data collections and Federal records 
 
Additional 2006 and 2007 Activities by Agency 
NIH: Curation and analysis of massive biomedical and clinical research data collections; tools 
to manage and use new databases; tools for building, integrating ontologies; software tools 
for visualizing complex datasets; curation tools; build nationwide support for standard 
vocabularies; information integration. 
NASA: Continue efforts on agency-wide data exploration architecture with centralized data 
repository; mobile autonomous robots and intelligent systems; speech-based human-
computer interaction; wind down space exploration systems projects, including team-centered 
virtual adaptive automation, automated design of spacecraft systems, some robotics 
applications, and decision support system for health management. 
EPA: Tools and approaches exploring potential linkages between air quality and human 
health; integration of search and retrieval techniques across environmental and health 
libraries; evaluation and investigation of the distribution, integration, management, and 
archiving of models and datasets. 
NARA: Advance decision support technologies contributing to high-confidence processing of 
large collections(e.g., collections of Presidential records). 
 
Canada  
In June 2005, The National Research Council Canada (NRC) released the Final Report of the 
National Consultation on Access to Scientific Research Data (NCASRD). The Report includes 
many recommendations including the creation of a task force, to prepare a full national 
implementation strategy, and the instigation of a pilot project to show the value and impact of 
access to research data. The Report also proposes the establishment of a dedicated national 
infrastructure to assume overall leadership in the development and execution of a strategic 
plan which includes action to stop degradation and loss of the country's research 
heritage. Planning continues to establish the proposed task force. Currently only the Social 
Science and Humanities Research Council has a policy covering the archiving of research 
data.  



 

 

34
 
Library and Archives of Canada (LAC). LAC is one of the few national cultural heritage 
institutions in the world that covers and combines digital preservation activities in the library 
field and the archives field in one organisation. In 2002, in partnership with the Social 
Sciences and Humanities Research Council, the former National Archives undertook a 
consultation and investigation with respect to the management, preservation of, and access 
to, social science and humanities research data in Canada. This National Research Data 
Archive Consultation was conducted by a Working Group of experts in the fields of social 
science and humanities research and data archiving. Their report recommended the creation 
of a National Research Data Archive Network and outlined three options for its administration. 
In the 2005-2008 period, LAC will reallocate resources to support the development of a 
Canadian Digital Information Strategy with other Canadian partners. It is anticipated that 
under this strategy, an administrative approach to the creation of a distributed network of 
trusted Canadian data repositories will be put forward for consideration and possible future 
implementation. 
 
Asia and Australasia 
Australia 
The Australian government has a national strategy Backing Australia’s Ability – Building our 
Future through Science and Innovation. This has committed Au$8.3 billion (£3.55 billion) 
funding to develop the country's science and innovation base over a 10 year period 2001 to 
2010.  One project funded by Backing Australia’s Ability is the Australian Partnership for 
Sustainable Repositories (APSR) project. APSR is a digital preservation project with the 
purpose of developing demonstrator repositories and supporting the continuity and 
sustainability of digital collections. This also includes an investigation of the ramifications of 
accessing and managing research data produces for and generated by Australia's grid 
infrastructure and an exploration of Dspace. Partners in APSR are: the Australian National 
University (project leader), Australian Partnership for Advanced Computing (APAC), 
Universities of Sydney and Queensland, and the National Library of Australia. 
 
The National Library of Australia (NLA) has operated a Digital Services Project since 1998 
and has developed an international profile in digital preservation. This project forms NLA's key 
infrastructure strategy to support digital preservation activities. The aim of the project is to 
provide a technical infrastructure for the long-term management of digital material (both born-
digital and digitised, both offline and online) in order to provide long-term preservation and 
permanent access. The project encompasses a wide set of IT development and procurement 
activities to support the overall framework and systems architecture for NLA's digital 
repository. Digital preservation activities (development and maintenance of the digital 
repository and research) are mainly funded from NLA's operational budget. The Digital 
Services Project is supplemented by a dedicated digital preservation program which aims to 
develop policy and set directions for its preservation aspects. 
 
China 
The National Digital Library of China Program is supported by the Ministry of Culture and the 
National Library of China (NLC) to develop digital information resources from the rich 
collections of NLC. One of the projects in the program is the Web Archiving project 
(http://webarchive.nlc.gov.cn/), focused on preserving Chinese Internet resources. It is based 
on China Info Mall project and cooperated with Peking University to produce the Web InfoMall 
system (http://www.infomall.cn). It was launched in 2001, and currently holds about 1 billion 

http://webarchive.nlc.gov.cn/
http://www.infomall.cn/
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pages (15 terabyte).  
 
The National Science and Technology Library (NSTL, http://www.nstl.gov.cn/) is the core 
component of Chinese Scientific Information Platform supported by the Ministry of Science 
and Technology. It is a virtual institution consisting of the Library of the Chinese Academy of 
Sciences, the National Engineering and Technology Library, the Library of Chinese Academy 
of Agricultural Sciences and the Library of the Chinese Academy of Medical Sciences. In 
addition to its role in collecting scientific information and providing services to the S & T 
community nationwide, NSTL started feasibility studies of a collaborative network of national 
archives to hold perpetual copies of foreign digital publications (especially full text journals) 
and also considered in its strategic planning establishing a distributed network of trusted 
repositories for Chinese scientific research outputs.   
 
Japan  
The Japanese Science and Technology Agency (JST) started the Digital Archive Project in 
2005 to create historical back-files of academic journals published in Japan. This project aims 
at two goals: (1) preservation of important academic intellectual heritages of Japan, and (2) 
further promotion on world-wide dissemination of Japanese research results. The total budget 
for FY2005 is approximately 650 million Japanese Yen (£3.2 m).  
                     
The National Diet Library of Japan is working on the Digital Library Project. The two main 
objectives of NDL digital library services for 2004-2009 are: Building a Digital Repository; this 
includes Web Archiving; Digital Deposit (E- Journals); Digitisation of books, etc; and the 
Digital Archive Portal: developing a Portal site of digital archives  throughout Japan. NDL uses 
the term 'Digital Archives' to refer to the digital repository  system for long-term preservation. 
The digital preservation activities are funded from NDL's daily operational budget. The total 
budget for 2005 is, approximately 900 million Japanese Yen (£4.4 m).  
 
The National Diet Library of Japan has distributed a questionnaire to companies, ministries, 
government offices and so forth to investigate current practice with respect to the preservation 
of digital information in Japan. According to the survey results, almost 60 % of the 
respondents preserve digital information for five years or more. They recognise the 
importance of saving digital information, but the obsolescence of software, operating systems 
and hardware is challenging. 
 
European Union 
This section is selective – given our limited remit and timescale only the European 
Commission and one major national player in science (Germany) have been included. 
 
European Commission 
The Commission is currently seeking views on its consultation paper for i2010:digital libraries 
which highlights the importance of further investment in digitisation, digital preservation, and 
digital access. A separate consultation on i2010 and scientific information will be undertaken 
later this year. EU investment in digital preservation research is increasing significantly with 
some 18 million euros (c.£12m) allocated to this under call five for Information Society 
programmes in Framework 6. It is hoped a higher level of investment will continue under 
Framework 7. 
 
 

http://www.nstl.gov.cn/
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Germany 
 Due to the federal structure of Germany a wide range of institutions and projects are working 
on digital preservation in the different federal states and at national level. National projects 
include: 
 
kopal (Co-operative Development of a Long-Term Digital Information Archive) is a 
cooperative development of a shared central preservation system for digital publications. It is 
considered to be both a system (project result) and a project. Project partners are Die 
Deutsche Bibliothek, the State and University Library of Göttingen, IBM Germany GmbH and 
GWDG (Gesellschaft für wissenschaftliche Datenverarbeitung mbH Göttingen). The project is 
being funded by the Federal Ministry for Education and Research (Bundesministerium für 
Bildung und Forschung, BMBF), for three years. In addition the four partners support the 
interface to the digital repository from the daily operational budgets of their own institutions. 
Procedures for packaging and preparing digital objects for ingest are implemented within the 
local digital libraries of the kopal partners. The kopal Project will be completed in 2007.  
 
nestor: (Network of Expertise in Long-Term Storage of Digital Resources). nestor aims to 
develop a network for information and communication for current and future long-term 
preservation activities in Germany, to establish a cross-sectoral community to promote and 
support long-term preservation activities and to raise awareness in society, to trigger 
synergies between ongoing activities in Germany and to cooperate with international partners 
and projects, and to develop strategies for the coordination of long-term preservation activities 
in Germany. The project is also funded by BMBF and will end in 2006 with a proposal for a 
follow-up project to establish a long-term organisational model to continue the service as a 
network of excellence, along the lines of the DPC in the UK. nestor's partners are libraries 
(Die Deutsche Bibliothek, Bavarian State Library, Lower Saxony State and University Library), 
a media centre (Computer and Media Service of Humboldt University, Berlin), archives 
(Bavarian State Archive - Head Office, German Federal Archives) and a museum 
representative (Institute for Museum Studies, Berlin). The nestor Advisory Board consists of 
publishers, representatives of science & technology, museums, archives, libraries and 
universities and as well as members of culture & politics and research institutions/computing 
centres.  
 
The German Research Foundation (Deutsche Forschungsgemeinschaft, DFG) is also very 
active in funding for digital preservation projects. 
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Appendix C Research Agenda 
 

C1. Ideal situation in 10 Years 

Technology 
In the period up to the 10 year horizon one would expect an increase in the level of 
automation possible, based on Knowledge technologies, increased capacity and increased 
sharing and interoperability. 

Where we would like to be How to get there 
Massively scalable storage systems covering 
the range 100’s Petabytes to Exabytes, with 
essentially unlimited numbers of files, should 
be available without heroic efforts, nor should 
heroic and painful efforts be demanded to 
cope with changes in underlying hardware 
and technologies. Costs of both hardware 
and software systems should also be 
affordable, and s/w systems should be 
robust, seamless and stable. 

Further work with commercial systems 
providers and key service providers and user 
groups. 
Develop and standardise interfaces to allow 
“pluggable” storage hardware systems.  
Standardise archive storage API i.e. 
standardised storage virtualisation. 
Certification processes for storage systems. 

“Deep” cross-disciplinary interoperability 
should be seamless, even at an international 
level, and scalable federations of archives 
and also federations of federations of 
archives should be common, while query, 
search and discovery should be able to be 
specified in natural language.  

Develop increasingly powerful virtualisation 
tools and techniques, with a particular 
emphasis on knowledge technologies.  
Develop protocols and information 
management exchange mechanisms, 
including synchronisation techniques for 
indices etc., to support federations. 
Management and policy specifications will be 
need to be formalised and virtualised. 

Knowledge and management virtualisation 
should be mature and should support 
sophisticated information integration with 
client tools as well as via archive services.  

Continued virtualisation of knowledge – 
including developments of interoperable and 
maintainable ontologies. 
Standardised APIs for applications and data 
integration techniques. 
Fuller development of workflow systems and 
process definition and control.  

Full support of Representation Information 
and the linkage to the Designated 
Community’s knowledge base should also be 
mature. 

Yet more Representation Information tools, 
probably via layers of virtualisation to allow 
appropriate normalisation. 
Must include mature tools for dealing with 
dynamic data including databases. 

Accurate cost predictive estimates of 
preservation activities looking 10 - 20 years 
ahead. 

Continuing data collection and modelling of 
cost data. 
Cost/benefit modelling with complex 
parameterisations. 

Preservable and evolvable preservation 
systems are available 

Further develop virtualisation model 
(including ontology) evolution, plus dynamic 
models and tools for classification of new 
instances. 
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Organisational, social, and economic 
Over the 10 year time horizon one would need to see: 
 
A  more widespread appreciation of digital preservation. This would provide an environment in 
which long term re-use of digital data becomes a key activity of academic life, with clearly 
defined roles and responsibilities for digital preservation, and where researchers are equipped 
with the necessary skills. As a result, citation of data becomes mainstream alongside citation 
of literature, leading to much more data-led research and new types of science. Data 
becomes capital in the research enterprise. 
 
A much improved understanding of the real requirements of different disciplines will lead to a 
cultural change in the attitude towards data sharing, which will lead to fruitful interactions 
within and between various disciplines and sub-disciplines. In addition, a developed and 
interoperable infrastructure will be in place, nationally and internationally, which focuses on 
re-access and re-use of data. There will also be a common framework for policies and 
procedures, with clearly defined roles and responsibilities. 
 
A much clearer understanding of IPR issues, as well as roles and responsibilities. 
Furthermore, any legal change that has impact on digital preservation will be well understood 
and advocated accordingly. Good practice guidance, applicable to different sectors, will be 
widely available and there will be a real preservation structure available, deployed and used; 
research will be driving the cost bases downwards.  
Most of all, however, it will be possible to build convincing business cases for digital 
preservation; business cases that will allow Board-level investment decisions to be made on a 
rational basis. In research, the nature of “Public Good” and its relationship with digital 
preservation will be clear. 
 
Metadata standards in place at all levels, more widely deployed and implemented, and much 
more scaleable than now. Some key metadata practices will have changed beyond all 
recognition. Metadata standards at discovery level will be containers that allow descriptions of 
content and context (semantic web/RDF/logic) and they will be both machine 
“understandable” and automatically processable. Again, metadata standards at a domain-
specific content level will provide deep syntax and semantics, including domain ontologies 
and will be populated and linked.  Staged metadata collection will be supported with easy-to-
use interfaces and automated metadata creation, capture and update will be widely available. 
Metadata will be captured closer to the point of resource creation, as part of the creation 
process (at a time when the required information is cheaply accessible). More metadata will 
be inferred automatically from the characteristics of the resource. There will be clearly defined 
responsibility and authority with all metadata collected at different stages integrated and 
cross-referenced, and a good understanding of the value of metadata for curation and of the 
value of particular fields of metadata and ways to quantify these values. 
 
Much larger scale interoperation of data resources, easily discovered and seamlessly used – 
across data types – across the lifecycle of data – across silos of data – in the context of the 
broader scholarly knowledge cycle.  Automatic tools for semantic information import and 
export, autonomic curation (e.g. agents) and provenance capture will be deployed. All types 
of multimedia will be as easily indexed and searched as text today.  We anticipate provision of 
larger and faster, trusted and secure, storage and high bandwidth network allowing rapid 
search. 
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How do we get there (the research questions)? 
• We need good examples, such as exemplar projects, to capture the hearts and minds of 

individual researchers and to show incentives to organisations, so that collaborations can 
be formed to tackle the problems jointly.  

• Build accredited community resources, such as public data bases, with a cachet of 
contributing data.  

• Map out generic processes in digital preservation and identify those which are discipline 
specific. A two-pronged approach is needed, on the one hand improving understanding of 
the incentives for participation and on the other testing new reward systems (RAE, hiring 
etc).   

• Increase capacity by training existing and new workforces through innovative 
undergraduate and Masters programmes which focus on data management, to establish 
a cadre of preservation professionals who understand data; at the same time provide 
generic research training to existing workforce in digital preservation. 

• The bed-rock of research in this area is to understand in more detail the sociology of 
preserving and sharing information. This will include understanding better disciplinary 
differences, and in particular those requirements that are fundamental versus those that 
are primarily historical. For a cultural change to take place, it is important to involve key 
stakeholders and resource providers and for them to drive this process.  

• To encourage inter and intra-disciplinary interactions, issue-driven research programmes 
(cross-disciplinary?) need to be funded.  

• To build the desired infrastructure, repository development is essential, so are national 
and international partnerships.  

• It is also necessary to distinguish separate preservation and usage (access) layers within 
the infrastructure and build the respective services that fit the specific purposes.   

• A road map is needed at national and institutional level to define the roles and 
responsibilities of national organisations, funding bodies and institutions.  

• We need to start working on a common framework for policies and procedures, and 
develop and train the workforce so that they possess the adequate and necessary skills. 

• We need to build a business case and research the legal aspects - case study based.  

• Identify rich case studies on cost, risk and benefits of digital preservation with wide 
stakeholder engagement, covering a range of scenarios.  

• Further modelling based on those case studies to extend to new areas and opportunities.  

• Apply practical R&D in preservation which is applicable to different communities.  

• Take a four-pronged approach that engages the funders, with top-down effort at the 
management and policy level, bottom-up participation from the researchers, and a 
practical deployment perspective. 

• Develop machine-“understandable” discovery metadata – container, content and context, 
supported by general domain ontologies.   

• Develop domain-specific metadata – machine-understandable container, content and 
context, supported by specific (but linked) domain ontologies.   

• Define the process of metadata collection; make available metadata information and 
develop IT support systems.   

• Develop and utilise automated metadata collection tools. 

• Create systems for metadata capture at resource creation.  

• Develop responsibility / authority models and implement them.  

• Apply integration methodologies and develop models for value estimation and value 
proving. 

• We need to develop an understanding of future publishing, in terms of culture, 
mechanisms, and rewards.  
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• Have a unified, clearly understood, policy framework.  

• Develop and utilise tools and technologies to support the lifecycle, including appraisal 
mechanisms for selection, ingest, metadata creation, curation etc.   

• Establish trusted, ethical and legal frameworks within lifecycle management  

• Develop economic models for data management   

• Establish “Knowledge” curators who can inform and support the research culture.  

• Co-operation and collaboration mechanisms to provide support across stakeholder 
groups and provide long- term investment in data centres and research infrastructures. 
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Report of the Working Group on Search and Navigation 

1.  Summary 
 

Search and navigation services provide the key to unlocking the wealth of literature and data that 
exists in digital form.  As such they are fundamental to achieving the Government’s goal of 
providing high quality and effective information mechanisms for the research community.  This 
report presents the views of the working group on search and navigation, convened by the RIN 
on behalf of the OST-led steering group which is responsible for developing a national e-
Infrastructure strategy.  The report has three key sections:   

� In section three we present a concise overview of the current provision for search and 
navigation, giving examples of the different types of resource available both in the body of 
the report and in tabular form at Appendix 1.  In addition we highlight a number of issues 
that are central to any consideration of search and navigation, such as user behaviour, 
metadata standards, privacy, the general direction of the market and public/private sector 
interaction. 

� Building on this foundation, section four outlines our view of the search and navigation 
resources that, ideally, will be developed during the next 10 years.  We perceive a number of 
important developments, including: a big increase in the scale and scope of digitised 
content; the widespread, effective use of standardised metadata; the development of a wide 
range of new search and navigation tools and services; and a regulatory framework that 
deals with the issues of privacy and intellectual property rights. 

� Finally, in section five we recommend four programmes of activity designed to reduce the 
gap between the current situation and our vision of the ideal situation. These focus upon 
user behaviour, finding aids for the nation’s physical information collections, semantic 
interoperability and, lastly, information search and navigation tools and technologies.  We 
also flag up the importance of metadata and the need for an appropriate regulatory 
framework. 
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2.  Introduction 
 

The Government’s Ten Year Framework for Science and Innovation provides the basis for the 
development of a national e-infrastructure strategy, the ultimate goal of which is to provide high 
quality and effective information mechanisms for the research community.  The development of 
the strategy is being overseen by an OST-led steering group.  The steering group has appointed 
working groups to consider six key activity strands.  This is the report of the working group on 
search and navigation which presents an overview of the current level of provision, a vision of 
the “theoretical ideal” situation in ten years time, and finally ideas on how best to stimulate 
development in the direction of this ideal situation. 

Search and navigation services may be defined as interactive electronic means used by people to 
discover and utilise a wide variety of information sources relevant to their needs.  The subject 
has been considered in its widest sense, encompassing bibliographic resources, directory 
services, generic services and the underpinning framework.  It is important to note at the outset 
that the working group identified three key distinctions that apply to search and navigation 
resources: literature; data (of all types); and the facilities that serve to enable people to 
discover such information.  The working group recognises several additional distinctions which 
should be flagged up at this point:  

� This report focuses on national issues but recognises the importance of the international 
context. 

� The transient nature of the current range of search and navigation resources: some are long 
established, others in their formative stages and others whose longevity is defined by public 
funding timelines. 

� There is a key distinction between resources that are freely available and those to which 
access is restricted by toll barriers. 

� There is a difference between services which point to full text and data resources and those 
which provide direct access to such resources. 

� Finally, different search and navigation services operate at different levels of granularity, 
ranging from low level granularity at the resource discovery level to high levels of 
granularity when searching within literature and data information sources. 
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3.  An overview of the current provision for search 
and navigation 
 

The wide scope and variety of issues, resources, and activities that naturally reside within the 
ambit of “search and navigation” provision presents a significant challenge: how best to reflect 
that variety in a concise and coherent fashion.  In recognition of this we have distilled six main 
themes, designed to encapsulate the nature and breadth of activity in this field.   

 

3.1 Main themes 

In order to be concise, we have focussed upon established resources that exemplify the types of 
resources that fit in each of our main themes.  The aim is not to be comprehensive in coverage, 
but rather to provide an overview of the range of resources that exist today.  These resources are 
outlined below and more detail is presented in the accompanying table [Appendix 1]. 

3.1.1 Scholarly and technical information resources  

This theme is sub-divided into three parts, described below: 

First, libraries and archives are major repositories and points of access for scholarly and 
technical literature.  Such institutions create their own catalogue records to describe and enable 
access to their holdings of books, journals, e-resources and other materials for study and 
research as well as retrospectively digitise manual records.  On a national level, union catalogues 
such as COPAC cover books and journals held by members of the Consortium of Research 
Libraries (CURL). 

Second, abstracting and indexing services provide information about, and increasingly 
access to, a significant proportion of scholarly and technical information.  The majority of these 
services are provided by the commercial sector.  Historically abstracting and indexing services 
have provided value through manual indexing, creating rich and consistent metadata, though we 
believe it likely that this process will increasingly be done automatically as a matter of course.  
Services tend to be discipline-specific though two notable examples strive towards 
comprehensive coverage: Web of Knowledge published by Thomson Scientific and, more 
recently, Scopus published by Elsevier.  

Third, access to full-text content has always been very important to researchers and 
controlling the rights to unique full-text content confers upon primary publishers a privileged 
and very strong market position.  The majority of scholarly publishers provide electronic access 
to full-text content though at present most of this content lies behind toll barriers. The largest 
single source of scholarly full-text currently available is Science Direct, produced by Elsevier. It 
should be noted that a small but increasing proportion of full text content is becoming available 
on an open access basis.  Most publishers now permit researchers to self-archive their published 
papers, with certain limitations.  A good example of a community-based approach is the Open 
Content Alliance, whose aim is to help build a permanent archive of multilingual digitised text 
and multimedia content. 

3.1.2 Aggregation services (gateways and portals) 

Aggregation services, which include portals and specialist directories, provide users with a single 
point of access to multiple resources.  A good example of a general gateway is the Resource 
Discovery Network (RDN), a collaboration of over 70 educational and research organisations 
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which offers a free national catalogue of internet resources for the learning, teaching and 
research community.  A grid portal is a problem-solving environment which allows 
researchers to use distributed grid applications with conventional desktop tools.  Examples 
include the National Grid Service Portal, myGrid and GROWL.  Subject or domain-specific 
portals facilitate access to resources in particular subject areas or of particular kinds.  The 
EDINA Go-Geo! Portal, for instance, performs simultaneous searching of a wide range of 
geospatial metadata catalogues.  Finally, specialist directories exist to provide 
straightforward access to information that researchers may otherwise find difficult to assemble.  
One example is the ARCHON Directory, funded by the National Archives. 

3.1.3 Repositories of digital content 

Repositories can contain many different types of digital information, including literature, data 
and visual information objects, and can be subject or institutionally based.  There is keen interest 
in and funding support for the development of repositories particularly in the higher education 
sector, not least because of their potential impact in facilitating the dissemination of research 
outputs.  Examples of successful subject-based repositories of scholarly literature are arXiv, 
regarded as a key resource by physicists, and PubMed Central, an archive of life sciences 
scholarly literature.  Other services, such as the Arts and Humanities Data Service or the British 
Geological Survey, focus on data generated by or of use to researchers. 

3.1.4 Commercial suppliers of published content or services 

There exists a stratum of organisations that currently fit in the middle of the distribution channel 
between publishers and institutional purchasers.  Many of these intermediaries offer aggregation 
services bundling such as full-text scholarly literature with proprietary search software.   Others 
offer electronic publishing services to publishers who choose to outsource this aspect of their 
business; Highwire Press is a good example. 

3.1.5 Generic services and products, including search engines 

There is a growing class of services and products that are becoming “generic” in the sense that 
they boast significant infrastructure and scalability and are very widely used.  Typical examples 
include Google, Yahoo and Microsoft Network (MSN) – all of which are based in the USA.  Such 
services are useful and simple to use but the breadth of their coverage gives rise to questions 
about the precision and relevance offered by these discovery tools.  Thus while they are, and will 
continue to be, used by researchers, and it is likely that their usefulness to researchers will 
increase as the services develop further, we do not believe that they can be relied on as central 
pillars of the service infrastructure to meet the Government’s wish to “deliver an effective system 
of high quality and effective information mechanisms for the [UK] research community.” 

3.1.6 Underpinning activities, projects and infrastructure 

The e-infrastructure currently in place in the UK is thought to be of good quality in comparison 
with international competitors, and it continues to evolve.  SuperJANET 5 will enhance the 
capability of the UK’s optical network and the JISC has a programme to establish a network of 
digital repositories as part of its Information Environment.  Other important underpinning 
elements of the current infrastructure for search and navigation include: open URL resolvers; 
the national open URL router; licensing structures; persistent identifiers; metadata standards; 
burgeoning middleware and machine-to-machine services. 
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3.2 Central issues 

In judging the effectiveness of the current provision of search and navigation services for the 
research community in the UK, and in considering the ways by which it could and should be 
developed, we wish to highlight a number of issues that cut across the current pattern of 
provision and will need to be addressed as part of the process of planning for the future. 

3.2.1 User behaviour 

It is one thing to strive to provide excellent infrastructure, services and tools but it another 
matter entirely to persuade users to make best use of these facilities.  At present students and 
researchers are known to have widely adopted resource discovery habits that rank ease of use 
and convenience higher than quality of results.  This means that Google, for example, is used far 
more extensively than other resources which may be more appropriate for the task.  This is a 
cultural and behavioural issue of critical importance, one that is addressed in section 5.1.  

We have also noted the growth of peer to peer communication in relation to information 
discovery and the development of folksonomies which, many believe, are an important step 
towards an effective semantic web.  User tagging, an activity which currently applies particularly 
to open access scholarly literature, has the potential to become an important feature of the 
search and navigation environment.  Users (rather than authors) add tags, which may be 
classificatory or evaluative in nature.  The process is anarchic – or democratic – and proponents 
claim it to be a version of the semantic web.  This active involvement by users in classifying and 
evaluating information may become an important aspect of search and navigation.  An example 
is Connotea, promoted by Nature Publishing Group. 

We are already seeing advances in the development of folksonomies and tools such as wikis, 
blogs and mashups.  While these are not discovery tools as such, they are sources of information 
which in themselves are becoming gateways.  Witness, for instance, the extent to which 
Wikipedia is already becoming a vast, even if imperfect, means of finding information 

3.2.2 Metadata standards 

Metadata is structured information that describes the key characteristics of information objects.  
Resource discovery is critically dependent upon metadata, which itself is essential for effective 
machine-to-machine interaction.  In order for search and navigation to move forward it is 
necessary to encourage information providers to adhere to metadata standards, for new, richer 
metadata standards to evolve, and crucially for all information providers to expose their 
metadata effectively so that information can be indexed and searched. 

3.2.3 Privacy 

There are increasing concerns about the possibility of the misuse of data about individuals on 
two distinct levels:  first, researchers’ search and navigation behaviour, where an electronic trail 
of users’ searching activity is recorded by computers; and second, personal information which 
individuals may provide in confidence to one or more information providers.  If an information 
system is to be truly effective it must be perceived by individual users to be transparent and, 
above all, trusted.   In the UK and the rest of the European Union privacy and human rights 
legislation needs to be taken into account when designing systems that rely upon data that may 
be regarded as private.  

3.2.4 Intellectual Property Rights (IPR) 

Current IPR arrangements derive essentially from a pre-digital age and do not reflect the ways in 
which information – especially information created and used by the research community – is 
now created, disseminated and used. IPR arrangements thus constitute a significant barrier to 
the development of effective search and navigation, complicating the route between discovery 
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and access to source information.  These issues need to be addressed both at national level 
(initially through the Gowers review) and at international level (through the EU Information 
Society programme and through WIPO). 

3.2.5 The general direction of the market 

A large proportion of the search and navigation arena for researchers as for other major sectors 
is served by commercial organisations.  By their nature these organisations need to adapt to their 
changing environment if they are to survive.  Key examples of current pressures and 
opportunities are given below as pointers to the general direction in which the market is moving. 

� The past few years has seen consolidation among major publishers.  Important abstracting 
and indexing services have been bought and mainly subsumed into existing (larger) 
portfolios and systems, reducing the variety available in the search and navigation market. 

� Information providers are engaging in forward and backwards integration with, for 
example, subscription agents becoming aggregators of data and full text content, and 
publishers of scholarly literature becoming creators of abstracting and indexing services. 

� The relationship between author and end users is changing, becoming more direct.  This is 
putting pressure on major players in the value chain to adapt. 

� The importance of literature and data which is not published via traditional channels is 
increasing.  Examples include the growth of folksonomies, peer-to-peer communication 
and wikis.  Indeed, researchers and their institutions are becoming “publishers” of 
information in their own right. 

� Electronic information is rapidly becoming the dominant form, increasing the relevance of 
effective search and navigation tools. 

� Many publishers have a “long tail” of information assets which, with the critical mass of 
online traffic now using the web, are becoming easier to exploit. 

 
 

3.3 Estimate of current expenditure 

While we give some indications of current expenditure in the Appendix, we have concluded that 
beyond headline figures for projects funded by public sector organisations there is no reliable 
way to adduce or even estimate overall levels of current expenditure.  In the public sector the 
search and navigation element of investment programmes is not normally disaggregated either 
at the level of work or of cost.  It would, therefore, be very difficult to isolate expenditure that 
relates solely to search and navigation.  The private sector may well keep detailed records for the 
costs involved in developing and maintaining search and navigation services, but such 
information is rarely available in the public domain.   

 

3.4 Summary of plans for future provision by key providers 

Similarly, we have concluded that it is not possible to adduce the plans for future search and 
navigation provision by key providers, especially those in the commercial sector, beyond an 
assumption that the biggest players such as Google will continue to strive to become entrenched 
in all aspects of the information landscape.  The extent to which they are successful will have an 
impact on the threats or opportunities presented to smaller providers. 

 



7 

Report of the Working Group on Search and Navigation 

 

 

3.5 International comparison with leading research countries 

Budgets and related activities are rarely disaggregated to the level of search and navigation so 
figures are few and far between, but there is a perception that the UK is relatively well advanced 
in its provision of ICT infrastructure and the availability of search and navigation resources to 
researchers - though public investment is proportionately far less than in the USA.  The UK is an 
active participant in the European Union’s work to establish an ICT policy for the coming years, 
an initiative branded i2010. 
 
 

3.6 Public/private sector interaction 

The current pattern of search and navigation services for the research community involves a 
significant degree of interaction between the public and private sectors, and this will continue 
into the future. But while there is little doubt that the private sector will continue to play a major 
role in the development and provision of search and navigation services, the precise nature and 
scope of interaction between the two sectors is uncertain, and it remains important to recognise 
that  their strategic goals may be complementary, but they are not necessarily congruent.    

� There are examples of beneficial interaction between public and private sectors, such as 
library catalogues interacting with Google. 

� The private sector cannot guarantee comprehensive coverage.  Many specialist fields of 
study are not particularly attractive to commercial publishers, sometimes because of the 
relatively small size of these niche research communities. 

� The private sector is sometimes reluctant or unable to guarantee the long term preservation 
of information.  In an environment where libraries are increasingly licensing access to 
electronic information rather than buying print media that can be archived, interaction and 
partnership between the public and private sectors will be of increasing importance in 
ensuring not only preservation, but the development of search and navigation services 
through which researchers can find and gain access to information. 
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4.  An outline of a theoretical ideal set of search 
and navigation resources in the next 10 years 
 

In order for an effective system of search and navigation resources for researchers to develop 
over the next 10 years there are a number of factors that need to be in place: more digitised 
content; better tools; the technology to generate standardised metadata automatically; and the  
development of appropriate ontologies and mechanisms for searching across ontologies.  Our 
conclusions on a theoretical ideal set of search and navigation services are presented in a list 
format below, following the headings adopted for section 3. 

4.1.1 Scholarly and technical information resources  

� More digitised content together with the deployment and exposure of rich metadata 
standards will mean that that a far greater proportion of the nation’s information currently 
stored within libraries, archives and museums will be widely available for discovery and 
research. 

� Abstracting and indexing services will routinely use automatic metadata extraction. 

� Information objects of all kinds – including novel content types such as video – will benefit 
from the application of standardised metadata to enhance the opportunity to discover and 
then search within collections of information. 

� There will be enhanced provision of linked full text content, data, references and 
commentaries, free at the point of use. 

Focusing on the viewpoint of the individual researcher and their typical workflow patterns, we 
expect that: 

� Articles will be linked much more directly and reliably with author emails and home pages, 
so that natural human connections will be seamlessly integrated and available. 

� Lineages will be generated automatically on a variety of specifiable variables, such as 
citation lineage for articles and authors and influence lineages for topics 

� Commentary and blog space will become interconnected with research space so that 
download and citation counts can always be augmented by looking at who is saying what 
about the work and when. 

� Personalisation will be built into systems and their architectures, taking due care not to 
insulate researchers from the entirety of the search and navigation resources available. 

4.1.2 Aggregation services (gateways and portals) 

� Smarter search and navigation services will reduce the need for aggregation services in 
general, though there will be a need for such services to serve specialist fields of research. 

� Search and navigation tools will be in place to meet the information needs of researchers 
working on and across the boundaries between traditional disciplines and subject areas.   

� Services will be widely available to facilitate searching across language barriers. 

� The search and navigation environment will be enhanced by widespread semantic 
interoperability; in particular people will be able to search and navigate on the bases of 
space, time, person and concept. 



9 

Report of the Working Group on Search and Navigation 

� There will be effective tools to support the tracing of provenance of information, from data 
creation through to all its subsequent manifestations  

4.1.3 Repositories of digital content 

� A wide range of repositories will be in place – some offering a wide range of content, others 
being content-specific especially when they are guided by their core mission (the Ordnance 
Survey providing cartographic information, for example).  Data will be captured 
systematically as part of researchers’ workflow process.  They will adhere to metadata 
standards and expose their metadata to facilitate the effective functioning of machine-to-
machine services. 

� There will be a set of services – building on current work on processes to support cross-
domain knowledge generation - to enable researchers  effectively to search and navigate 
across repository boundaries 

4.1.4 Commercial suppliers of published content or services 

� Commercial suppliers of published content or services will continue to influence the 
development of search and navigation services through, for example, technical 
developments and licensing models.  Their activities will, however, be affected by public and 
private sector developments in the information infrastructure as well as the related 
developments listed in this section. 

4.1.5 Generic services and products, including search engines 

� The biggest players will continue to be pervasive, augmenting their blanket 
coverage/indexing with developments designed to offer niche services, some of which may 
be directed to the research community.  The scale of their infrastructure and technological 
resources is likely to insulate them from environmental changes for the foreseeable future. 

� The major players will begin to provide more personalised search and navigation services 
deploying, for example, intelligent search agents. 

� These big players will provide the context for the search and navigation environment within 
which smaller players from the public and private sectors will seek to identify niche markets 
where they are well positioned to provide value added search and navigation services to the 
research community. 

4.1.6 Underpinning activities, projects and infrastructure 

� We will see the development of a semantic grid, designed to provide meaning to data and to 
generate an appropriate semantic context for the meaningful interpretation of data. 

� The infrastructure will have moved towards a ubiquitous system where computing devices 
and communications technology combine to enable researchers to use search and 
navigation services whenever and wherever they need to. 

 

4.2 Central issues 

4.2.1 User behaviour 

� We shall have advanced towards an environment in which researchers use the search 
and navigation resources most appropriate to their information needs, and have been 
trained to acquire the skills to use those resources effectively.  
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� The motivations and changing needs of researchers in relation to search and navigation 
services will be clearly understood.  To achieve this, researchers will be fully engaged in 
the process of developing new services through tried and tested processes such as user 
behaviour research, concept and prototype testing, and observation. 

� Alongside more formal search and navigation services, researchers will be using 
folksonomies and social tagging, and tools such as wikis, blogs and mashups. 

4.2.2 Metadata standards 

� Organisations that create information that they wish to be made widely available will be 
providing metadata that adheres to a recognised standard.  In future it is very likely that 
metadata will be extracted automatically, helping ensure not only adherence to standards 
but also providing greater levels of richness than one sees today. 

� When either individuals or institutions deposit information objects in repositories, they will 
be required to assign their own metadata tags (either manually or automatically). 

4.2.3 Privacy 

� There will be a regulatory framework, backed by statute if necessary, to deal with the issue 
of privacy in a digital world and to promote adherence to the regulations, to police and 
prosecute transgressors, and to protect the rights of researchers in relation to privacy.   

4.2.4 Intellectual Property Rights (IPR) 

� A machine-to-machine rights management system will be in place in order to mitigate the 
barrier effects of IPR issues in the search and navigation environment.  The implementation 
of machine-readable licence registries will enable a process of automatic authentication, 
smoothing the search and navigation process. 

4.2.5 The general direction of the market and levels of expenditure 

� We cannot of course second guess the market, but our view is that the current major private 
sector providers of search and navigation services will thrive as the quantity of digitised 
content grows massively.  Among the smaller providers, those which are nimble and 
adaptable will benefit from the rapidly changing market environment.  In terms of 
expenditure, as described in section 3.3, there is currently no way to provide reliable 
estimates. 

 

4.3 International comparison with leading research countries 

� The UK library and archive sector compares favourably with some international competitors 
in the extent to which collaboration or public investment has delivered unified finding tools 
and related infrastructure to facilitate resource discovery for researchers.  But the UK still 
lacks a national union catalogue of the content available through major libraries, and it will 
lose its competitive edge both in library and information services and in the support of 
research if there is not continued investment in the development of search and navigation 
services.  A number of countries (e.g. USA, Australia) have government-supported 
programmes to develop digital information content and associated search and navigation 
services, thereby demonstrating their understanding of the link between such activity and 
national research excellence. 

 

 



11 

Report of the Working Group on Search and Navigation 

4.4 Public/private sector interaction 

� Both the public and private sectors will continue to invest in search and navigation 
resources and the infrastructure that underpins them.  There will be increasing interaction 
between the two sectors, leveraging the different strengths both can offer. 
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5.  Moving towards the ideal situation 
 
Rather than try to put a price on individual project proposals, we have identified potential 
programmes of investment and development that reflect the key themes identified in the 
preceding section.  

 

5.1 User behaviour 

Many of our recommendations focus on the technical aspects of developing an efficient search 
and navigation environment, but unless it is leveraged effectively by researchers the potential 
benefits will not be realised.  As well as providing the means, it is important to influence user 
behaviour in order to optimise the research process.  We identified in section 3.2.1 the cultural 
phenomenon whereby people – from casual users to professional researchers – habitually turn 
to search engines such as Google, Yahoo and MSN.  These are useful tools but they are far from 
being the only ones available and, depending on the subject area, different tools and resources 
may be more appropriate.   

Service providers need to understand in greater detail the basis for researchers’ current search 
and navigation-related behaviour, and to determine the extent to which the historically 
fragmented nature of information and data provision inhibits optimum discovery behaviour.   
They also need to ensure that researchers are fully engaged in the development of new services 
and in decision-making about them; and that we avoid the danger of provider-driven rather than 
demand-driven services. In so doing they will build effectively upon work that has already been 
done in this field.  Once this groundwork has been done, there will be a need for technically-
aware, full-time trainers based within universities, colleges and other research institutions, 
whose job will be to educate and train researchers to exploit search and navigation resources 
effectively in pursuit of their research goals. 

Some of this training will be aimed at bringing more of the current generation of researchers up 
to speed with developments in information technology. But it is equally important that school 
children should be taught from an early age not only to use search and navigation resources 
effectively but critically to assess the validity and relevance of the information sources they use.  
More specialised training in research techniques and skills can then build on this foundation. 

Recommendation: Invest in a programme of education and training for researchers and 
information professionals and encourage their engagement in the development of specialist 
services.  There is also a case for considering the introduction of search and navigation 
techniques to school children. 

Benefit: The main benefit will be to enhance the effectiveness of the research, by, enabling 
researchers to make best use of the investment that is being made in ICT infrastructure as well as 
search and navigation resources. 

Risk:  The main risk is that the human tendency to take the path of least resistance will persist 
(which often translates to using generic search engines rather than more focused resources), 
meaning the investment described above will not be leveraged to its full potential. 
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5.2 Finding aids for the nation’s physical information collections 

In a world where access to electronic information resources is becoming the norm for 
researchers, the working group envisages it will be increasingly important to deliver the full 
range of available research material digitally.  At the present time, vast quantities of material 
remain accessible only in traditional physical formats, discoverable only via clumsy or labour-
intensive mechanisms.   

Recommendation: To bring these physical collections to the research community through a 
process of creating digital catalogues and other “finding aids”, as well as digitising content 
where it is feasible to do so either in collaboration with private sector partners, where 
appropriate, or through public funding initiatives. 

Benefit: Researchers and the research process will benefit from increased remote access to 
information resources that are currently only available in physical form at particular geographic 
locations. 

Risk: There is a risk that the cost of the process will outweigh potential benefits if the resources 
prove to be poorly utilised by the research community.   

 

5.3 Semantic interoperability and related technologies 

There is currently progress being made across a number of distinct but related fields such as 
semantic interoperability, shared services, concept mapping, distributed registries and 
knowledge organisation systems.  Not only do these endeavours need to be supported since they 
are fundamental to improving the nature and scope of search and navigation, but the advances 
need to be corralled and harnessed in the pursuit of better search and navigation services.  
Services should facilitate searching on a variety of bases, not least space, time, person and 
concept.  For search and navigation to step boldly into the future there is a need for investment 
in developing processes that enable machines to understand concepts and meaning. 

Recommendation: Coordinate and support a programme of technology development 
focussing on semantic interoperability in its widest sense. 

Benefit: Semantic interoperability has the potential to significantly improve search and 
navigation processes. 

Risk: It will be difficult to achieve on a wide scale. 

 

5.4 Information search and navigation tools and technologies 

The next ten years will be characterised by a massive increase in the availability of data – a so 
called “data deluge”.  The development of innovative search and navigation tools and 
technologies will be central to researchers’ ability to make the best of the possibilities and 
opportunities presented by this wealth of data.  The programme of development should include 
the following areas: data mining; text mining; moving picture, sound and content-based image 
retrieval; sound transcription and indexing techniques; tools to trace data provenance and 
lineages.  This will bring together skills in disciplines such as computer science with traditional 
library and information science techniques. 
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Recommendation: Coordinate and support a multidisciplinary programme of development 
of search and navigation tools and technologies. 

Benefit:  The programme will bring together relevant work being done in different disciplines, 
harnessing advances to ensure the development of new, more effective search and navigation 
tools and technologies is done as efficiently as possible. 

Risk:  It can be difficult to manage potentially synergistic programmes such as this effectively. 

 

5.5 International standards and metadata  

There is little doubt that the widespread adoption of metadata standards is central to the future 
development of search and navigation services.  There will be many different standards 
according to the type of data being tagged, but these will be automatically mapped for search and 
navigation purposes.  National and international standards will continue to be created and 
adapted for all types of data including moving pictures, sound and images.  At this point the 
working group is not in a position to put forward a recommendation for additional activity in 
this area, other than to reiterate the importance of data providers adopting standardised 
metadata. 

 

5.6 Regulatory Framework 

Finally we wish to flag up the need for a regulatory framework designed to deal with issues such 
as IPR and privacy.  Since such a framework will affect all the topics covered by the six working 
groups, we propose that this be discussed further by the Steering Group. 
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Appendix 1 
 
SEARCH AND NAVIGATION 
Tabular information on selected current provision a nd future plans of service providers 
 
 
Colour coding for table headings: 
 

 Scholarly and technical literature resources 

   
 Aggregation tools (for data and information) 

  

 Source data services and repositories 

  
 Generic services and products 

  
 Commercial suppliers of published content/services 

  
 Underpinning framework 

 
D,L,R,A function codes – D: discover, L: locate, R:  request, A: access 
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Name Description and Function Scale and Maturity Est. Current Expenditure Future Plans Developments in other 
countries 

Is target online 
or offline? 

Scholarly and technical literature resources – libraries & archives 

Academic 
libraries 

Catalogue records 

Created by all libraries to describe and enable 
access to their holdings of books, journals, e-
resources and other materials for study and 
research.  Typically provided through online 
web-accessible systems. 

D-L-R-A 

Ca.100 million records in 
HE and national libraries, 
in aggregate? 

£30 million (est) spent 
across HE sector in creating 
and maintaining catalogues 
and catalogue records 

Ongoing provision of local catalogue 
services is likely to be an integral part of 
library operations for the foreseeable future 

  

COPAC Union catalogue of books and journals held in 
major research libraries in membership of 
CURL (Consortium of Research Libraries).  
Freely available over the web. 

D-L-A 

32 million records c.£150K p.a. in staffing and 
infrastructure costs, split 
between JISC and CURL 

Strategic review of the future development 
of COPAC is under active consideration by 
both CURL and JISC 

COPAC is one of a 
number of major union 
catalogue databases 
available globally; for the 
English-speaking world, 
the largest is developed 
in USA by OCLC (61M 
records) 

 

SUNCAT National Union Catalogue for Serials for all 
research libraries in the UK; open access to 
researchers; additional, authorised services to 
librarians in Contributing Libraries. Steering 
Committee has representatives from BL and 
larger research libraries, building on initial 
RSLP sponsorship. 

D-L-A 

Phase 2 of project: 
researcher interface 
launched in  

2005; over 4 million item 
records, drawn from the 
holdings of the UK  

national libraries and 30+ 
largest university and 
specialist libraries,  

and the records of the 
ISSN Register and the 
CONSER database.  

approx. £700kpa, including 
set-up, from the JISC 

To extend coverage to about 60+ libraries, 
including key civic libraries  

In Phase 2 (by end of 2006), and perhaps 
beyond in Phase 3 (2007 -).  

To extend to electronic subscription 
information, using ONIX for Serials (Serials 
Online Holdings),  

Subject of project activity.  

To provide focus for journals, including 
other subject, regional and  

national union catalogues, see 
http://www.suncat.ac.uk/unioncatalogues/  

UK is one of the last 
European countries to 
establish a national  

Union catalogue for 
serials. Co-operation 
through participation 
with ISSN –IC.  

 

ZETOC Provides consolidated access to tables of 
contents of journals held by the British Library.  
Freely available to the academic community, 

Covers 20,000 current 
journals and 16,000 
annual sets of conference 

Primarily funded by JISC Strategic review of future development 
being undertaken by JISC, summer 2006.  
Various possible development paths, 
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available on subscription to others. 

D-L-R-A 

proceedings covering both additional content or 
amalgamation with other services 

Archives Hub Consolidated searching tool covering the 
archive collections of UK HE institutions 

D-L-A 

Covers 140 HE institutions Funded by JISC, on behalf 
of CURL 

One of a number of archive discovery 
tools/union catalogues in the UK; the 
obvious path for future development is to 
join them up 

RLG are currently 
developing an American 
union catalogue of 
archive collections 
(ArchiveGrid) 

 

Scholarly and technical literature resources – A&I serv ices  

CAB 
Abstracts 

Commercial Subscription 

Bibliographic database covering the applied 
life sciences (emphasis on agriculture, 
environment and animal sciences. Major 
coverage of non English language materials 
and 'grey' literature.  

D-L-R-increasingly A 

To deliver access to research in the applied 
life sciences. Historically a location tool but 
like all bibliographic dBs these days, the 
emphasis is on maximising one click access to 
full text etc 

7.7 million records. 

1913 onwards. 

£5 - 10 million Full text hosting to accompany the dB 
(solutions for those who lack the resources 
to get their material online). Looking at 
indexing and access to additional content 
types. 

  

ISI Web Of 
Knowledge 

Commercial - Subscription 

Multifaceted platform for bibliographic data 
with citation linking and direct access to 
multiple discrete data objects (patents, full-text 
articles, chemical structures, web sites). 

D-L-R-D (via open URL tech) 

Like Scopus, it aims to be a one stop solution 
for location and access to the gamut of 
scientific research outputs. A flagship product. 
Also enables niche databases to be searched 
and integrated within it  

Cover Arts and Humanities and Social 
Sciences 

28 million (2004) but note - 
the cited references info 
does not form part of this 
number. Cited references 
approx 20 million per 
annum. 

 

51 years old. Index goes 
back just over 100 years. 

Unknown 

(Thomson Scientific had a 
Cap-Ex of $98 million in 
2004) 

Looking to apply the same technologies and 
thinking to an assessment of institutional 
repositories. 

 

No doubt plenty of other things as well. 
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PubMed Non-commercial - free at point of use.  US 
Public Funded (Federal funding via National 
Library of Medicine) Bibliographic database 
(with increasing full-text linkage). 

D-L(sometimes)-R-A(increasingly) 

Aiming to get the researcher from a query to 
the papers (and additional data) they need as 
rapidly as possible. 

16 million records back to 
1950 (600k per annum). 

 

1879 onwards (1950 
electronic onwards) online 
1971. 

$15 -20 million est Artificial Inteligence indexing terms system 

Addn dataset info 

In next 10 years crawling websites 
(publishers sites to grab additional info that 
could be useful) 

  

Aggregation tools – general gateways and portals  

Resource 
Discovery 
Network 
(RDN) 

The Resource Discovery Network is the UK's 
free national gateway to Internet resources for 
the learning, teaching and research 
community. In contrast to search engines, the 
RDN gathers resources which are carefully 
selected by subject specialists in our partner 
institutions. You can search and browse 
through the resources, and be confident that 
your results will connect you to Web sites 
relevant to learning, teaching and research in 
your subject area. 

The RDN funded by the 
JISC and is a collaboration 
of over seventy 
educational and research 
organisations, including 
the Natural History 
Museum and the British 
Library, and builds upon 
the foundations of the 
subject gateway activity 
carried out under the 
JISC's eLib Programme. 

 
The service currently links to more than 
100,000 resources via a series of subject-
based information gateways (or hubs). The 
RDN is primarily aimed at Internet users in 
UK further and higher education but is freely 
available to all. 

Total number of direct 
catalogue access for last 
year: 37,287,306   

 

Aggregation tools – subject portals 

NERC 
DataGrid 
Portal 

NERC Metadata gateway, which is based on 
Z39.50 technology and in principle links 
together all the NERC data repositories at the 
discovery metadata level. 

Funded by NERC and the National e-Science 
programme. 

They expect to retire it 
within the next couple of 
months in favour of a 
discovery service based 
on OAI-PMH, which 
obviously where possible 
will exploit OAI 
repositories, but if 
necessary we'll handle 
legacy z servers for a 
short while. 

 

As part of the NERC 
DataGrid project, they are 
spending approximately 1.5 
million over five years 
developing a completely new 
way of handling search and 
navigation for atmospheric 
and oceanographic data, 
which reaches down to 
individual geographically 
orientated features. 

 

NERC expects us to role out the NDG in 
two years time, and then role it out over all 
disciplines in the coming years. We expect 
at that point to be on a roadmap towards a 
system which is secure and standards 
compliant, which allows secure (and where 
appropriate, chargeable) navigation 
seamlessly  between all NERC's data 
holdings in such a way that data products 
can be overlaid and visualised using 
standard commercially available tools.  

In two years time we expect only to have in 
place such a system with secure (but not 
chargeable) access to NERC's primary 
atmospheric and oceanographic data 

They are working on 
discovery interoperability 
with the Australian 
National Grid and the 
U.S. National Centre for 
Atmospheric Research 
and the U.S. 
Programme for Climate 
Model Diagnosis and 
They expect to start 
similar work with 
German colleagues 
shortly. 
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holdings, and to be outlining how we can 
take the technology to the wider discipline 
coverage of NERC. 

The technology will be open, and freely 
extensible, and based on OGC protocols; 
however, these will need to be extended, as 
they currently do not support everything we 
need. 

 

EDINA Go-
Geo! Portal 

Using an ANSI standard, Z39.50-1995, the 
portal undertakes simultaneous searching 
across a number of geospatial metadata 
catalogues found in UK tertiary education. It 
also cross searches a number of external 
catalogues including the national Gigateway 
service (see below) and its network of 
geospatial metadata catalogue services. A key 
feature is the ability for users to find other 
related resources, such as books, 
photographs, projects, maps, for their 
geographic area of interest. These resources 
are discovered by cross searching the JISC 
Information Environment and other online 
information services. The focus of the portal is 
therefore on where a resource about and less 
on the what it is about, which is the focus of 
other JISC portals.  

Although still viewed ‘a 
service in transition’ by 
JISC it has actually been 
available to the UK 
academic community for 
2.5 years and is well used 
and widely promoted on 
other web sites.  

 

Funding comes from JISC 
for development work and 
from EDINA for ‘service’ 
operation, total approx £95K. 

 

It has an active development programme 
which includes investigating linkages to 
geo-spatial data repositories and 
interoperability both in terms of metadata 
standards and with other portals through the 
deployment of web services.  

EDINA expects that like the NERC DataGrid 
portal its technology will be open, and freely 
extensible, and based on OGC protocols. 
The goal is for the Go-Geo! portal to move 
beyond telling users where they can find 
geospatial data, to permit interaction, 
integration and visualisation of retrieved and 
derived data.   

It is a core component of the UK academic 
spatial data infrastructure. 

In the next phase the 
plan is to begin 
interoperating  

with geo-portals in other 
countries.  

 

Gigateway Operated by the UK Association for 
Geographic Information and funded by the 
Office of the Deputy Prime Minister via NIMSA 
(National Interest Mapping Services 
Agreement), Gigateway provides metadata on 
geospatial data set. The service comprises a 
gateway which cross-searches, using Z39.50, 
catalogues hosted by government and 
research agencies.  

Launched in 1999 
(askGIraffe) it is a mature 
service whose future is 
now in some doubt 
because of questions over 
the future of NIMSA. 
Currently funding is only 
available to until end of 
Aug 2006.  

The AGI budget for the 
service for 2004-5 was 
£316,000. This does not 
include the cost of setting up 
and operating the third party 
catalogues or of people 
creating and depositing 
metadata.  

There is a widely held view 
that it should be publicly 
funded for the national good. 

Unclear. 

It is recognised that Gigateway, or 
something like it, will be required if the UK is 
to meet its commitments to INSPIRE - a 

Directive Of The European Parliament and 
Of The Council for establishing an 
infrastructure for spatial information in the 
European Community. 

Has links with similar 
initiatives in other 
European countries and 
the US. 
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Aggregation tools – Grid services portals  

GROWL 
Project 

GROWL is a client interface to a Grid 
programming environment, and aims to 
provide scientists of various disciplines, 
including Social Science, who have a limited 
interest in and knowledge of computing with 
an easy vehicle to improve their access to 
computational power. The GROWL toolkit will 
provide client and wrappers to existing VRE 
resources and services developed in e-
Science projects, integration of new common 
services (e.g. Condor, NetSolve and SRB) into 
GROWL, and produce clients for the National 
Grid Service. 

Funded by JISC under the VRE programme 
and EPSRC 

GROWL is a modular 
programming toolkit. 
Currently it has modules 
for Authentication, File 
upload/ download, 3rd 
party File transfer, Globus 
job submission, Condor 
job submission, SRB file 
management. New 
modules are being added 
and the server side re-
designed as a full multi-
threaded C++ gateway 
application. Security if 
handled using Grid 
certificates. 

£150,00 (Feb 05 to Oct 06) GROWL is being extended in the ESRC-
funded CQeSS project (Collaboratory for 
Quantitative e-Social Science). It is also 
written into a proposal to ESRC for a wider 
e-Infrastructure and is in the work plan for 
the NW-GRID middleware deployment. 

A “Lightweight Grid” 
workshop is being held 
in April to compare with 
other solutions such as 
RealityGrid, AHE, GAT, 
GridSite, gLite, 
WSRF::Lite etc. 

 

National Grid 
Service Portal 

NGS Portal  is an end-user interface for 
applications on the four NGS nodes, with a 
possible extension to the affiliates. It uses the 
StringBeans Java framework and has HSR-
168 compliant portlets for: Authentication, 
MyProxy certificate management, Globus job 
submission, Job monitoring, GridFTP file 
transfer, SRB file management and a 
Discussion Forum. 

NGS Portal is being used 
in production mode from a 
BladeCentre at Daresbury. 
Additional tools are being 
developed and deployed 
based on user feedback 
and requirements. It is 
used in the NGS training 
course. 

Currently 0.5 FTE effort for 
development and 
maintenance 

Written into GOSC proposal recently funded 
by JCSR. Portlet interfaces to SRB, UDDI, 
OGSA-DAI, PayPal services have been 
demonstrated as prototypes. Shibboleth 
interface being added via the JISC-funded 
ShibGrid and SheBangs projects. 

Developers at 
Daresbury have regular 
workshops/ meetings 
with international 
counterparts 
(GridSphere, GridPort, 
Sakai). A full report was 
produced in 2003. A 
workshop comparing 
JSR-168 frameworks 
was held in March 2005. 

 

myGrid myGrid provides a language and software 
tools to facilitate the easy use of workflow and 
distributed compute technologies for the life 
science community. myGrid also supports the 
e-science life cycle, capturing experimental 
provenance and providing semantic web 
technologies to help in workflow construction. 

myGrid was originally an EPSRC pilot e-
science project, this was followed by an 

myGrid has followed two 
development tracks – core 
development and research 
prototyping. The core 
myGrid components, 
including the flagship 
workflow component, 
Taverna, offer stable 
releases and support an 

£1.2 million over three years  myGrid has recently become an OMII-UK 
node. As part of OMII-UK, myGrid will be 
made into production-grade software and 
joins with the OGSA-DAI data access toolkit 
from Edinburgh and the original OMII from 
Southampton. 

 

myGrid has a user 
community spread 
throughout the world. 
We also have 
collaborators from other 
countries, for example, 
BioMoby, and the 
Virginia Bioinformatics 
Institute (see the 
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EPSRC platform grant and it is now funded by 
the OMII (Open Middleware Infrastructure 
Institute) 

active user community. To 
date, there have been 
13600 downloads 

website 
http://www.mygrid.org.uk
/index.php?module=pag
emaster&PAGE_user_o
p=view_page&PAGE_id
=70&MMN_position=82:
82 for more details) 

Also, the LinK-Up - e-
Science sisters 
programme provided an 
opportunity to 
collaborate with other 
Grid projects in the 
states (See Link-Up 
website 

http://www.mygrid.org.uk
/linkup/ ) 

Aggregation tools – specialist directories  

ARCHON 
Directory 

The ARCHON Directory includes contact 
details for record repositories in the United 
Kingdom and also for institutions elsewhere in 
the world which have substantial collections of 
manuscripts noted under the indexes to the 
National Register of Archives. 

Funded by the National Archives  

 

     

Source data services and repositories – specialist brow sing tools 

Ensembl Ensembl is a joint project between EMBL - 
European Bioinformatics Institute (EBI) and 
the Wellcome Trust Sanger Institute (WTSI) to 
develop a software system which produces 
and maintains automatic annotation on 
selected eukaryotic genomes. Ensembl is 
primarily funded by the Wellcome Trust.  

 

Release of data and 
analysis into the public 
domain immediately.  

Open, collaborative 
software development: 
Ensembl imposes no 
restrictions on access to, 
or use of, the data 
provided and the software 
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used to analyse and 
present it.  

Collaboration on agreed 
standards for distribution.  

Timely development.  

GenBank 

 

This is US 
funded so 
should this be 
here?  Also I’m 
nor sure if this 
does a cross 
search? 

DNA Sequence Database (repository) 

 

GenBank is maintained by the National Center 
for Biotechnology Information (NCBI), a part of 
the National Library of Medicine, National 
Institutes of Health. Submitters to GenBank 
currently contribute over 3 million new DNA 
sequences per month to the database. More 
information about GenBank may be found on 
the NCBI Web site at 
http://www.ncbi.nlm.nih.gov  

DNA sequence database 
has exceeded 100 
gigabases. 

 

. 

    

DOAR Initially called OpenDOAR, DOAR aims to be 
an authoritative, comprehensive and quality 
assured list of Open Access Repositories that 
contain research information. The project 
team is undertaking a survey of the available 
repositories to determine the scope and scale 
of the developing repository network. They 
intend to create a classification structure of 
such repositories, with a comprehensive set of 
metadata to describe each one. The list is 
designed to provide a bridge between 
repository administrators and third-party 
service providers, allowing m2m interfaces for 
service provision. In this we hope that the list 
will facilitate the development of innovative 
services and repository metadata. 

Project is partnership between University of 
Nottingham, UK and Lund University, Sweden. 

See: www.opendoar.org  

This is a project, funding 
for which lasts into the 
summer of 2006. It has a 
public, end-user interface. 
The initial list covers 
approx. 340 repositories.  
Each has been checked 
personally, to eliminate 
dead-links, out-of-scope 
repositories, etc. 

Version 2 will depend on 
the completion of the 
survey and categorisation 
work. 

Service providers have 
been contacted and have 
expressed interest in 
working with OpenDOAR.  

circa 2FTE - £65k pa plus 
costs. 

For the future duration of the 
project, both partner sites 
have full-time researchers 
involved.  University of 
Nottingham has a full-time 
technical post funded. 

 

 

 

Completion of initial project plan - survey, 
categorisation, liaison with service 
providers, release of Version 2 list. 

 

Partnership is 
international, between 
the UK and Sweden. 

Funding comes from the 
UAS-based OSI, 
SPARCEurope, and the 
UK-based CURL and 
JISC 

Response and support 
from repository 
administrators, and 
service providers has 
been international. 

 

Source data services and repositories – full text cont ent 
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Scopus Commercial - Subscription 

Bibliographic and citation linking database + 
Full text linkage. 

D-L-R-A 

Heavy full text linkage via Science Direct 
(Elsevier's Full-Text package) in fact at this 
time, you have to subscribe to Science Direct 
to get Scopus. 

Approx 30 million records 

Also approx 10 million 
records are citation 
enhanced 

Also the 'web' results from 
Scirius. 

18 months old 

Back file to approx 1965. 

Unknown Unknown - probably looking to global 
ubiquity of this product ahead of any further 
enhancements to the service 

  

Science Direct Elsevier’s Full Text delivery Platform (see 
Scopus) Comprises Journals (over 2000 titles) 
and Books (unknown number) (at the 
moment). 

D-L-R-A 

To push the entirety of Elseviers Scientific Full 
text content to scholars via an institutional 
subscription. 

2000+ journals 

Backfile of 6.75 million 
articles (full-text) Major 
Books and Reference 
works collection also 
available. 

Approx 5 years (? Check). 

Unknown Science Direct +Scopus and Scirus appear 
to form the backbone of the Elsevier content 
delivery strategy for the next 5 - 10 years. 

  

Generic services & products – search engines 

Google Web Search Engine (websites, maps, books, 
video, images, misc other data objects). 

D-L-R and now starting to think about actual 
delivery 

"Google's mission is to organize the world's 
information and make it universally accessible 
and useful" 

Effectively the complete 
visible web (and an 
increasing amount of the 
hidden web) index 
measures in the billions. 

<10 years. 

 

 

Cap Ex est at US$1 billion in 
2006 

Clearly heading beyond indexing to being a 
provider (and holder) of access to discrete 
digital items (eg Google video, various 
Google software initiatives) Aim to be the 
place to go. 

Google believes that machines can bear the 
brunt of indexing, sorting and presenting 
disparate datatypes. And they invest 
accordingly. 

  

Google 
Scholar 

Web Search engine dedicated to "Scholarly 
Content" Current consists of an index based 
on a set of PubMed data, plus other data 
soiurces from multiple publishers. Note: As of 
Mar 2006 Elsevier NOT in GS. Also note,  
Definition of "Scholarly" open to interpretation 
and also not explicit. No documentation on 

Difficult to estimate. 
Smaller than PubMed and 
certainly not consistently 
updated at this time. Note: 
GS is a beta. 

Unknown - as of late 2005 
Google had allocated 2 full 
time engineers to the project, 
but was looking to focus 
more on this area. 

Unknown  Online 



 

Report of the Working Group on Search and Navigation 

actual coverage. 

D-L (Some R and A if Library has signed up to 
program) 

Yahoo Web Search Engine (websites, maps, video, 
images, misc other data objects). 

D-L-R and via partners programme more able 
to deliver now. 

Effectively the complete 
visible web (and an 
increasing amount of the 
hidden web) index 
measures in the billions. 

About 10 years. 

Cap Ex est at US$400-500 
million in 2006 

Seem to be investing heavily in various 
"folksonomy" start-ups.  Yahoo seem to 
believe that machines AND humans (in 
Yahoo’s case end users) can organise data 
better than machines alone. 

  

MSN 
(Microsoft) 

Web Search Engine (Part of Microsoft Corp - 
global software conglomerate). 

D-L 

From operating systems to the internet (and 
now home entertainment) Microsoft want's to 
be the glue that connects user devices 
together. Search is one aspect of their work. 

95% of the planet’ s 
computers run a Microsoft 
Application. 

 

25 years (MSN the web 
portal and search engine 
about 10 years) 

No hard data - assume to be 
similar to Yahoo? Or more 
like Google (if you bundle in 
the development streams for 
their various products). 

http://www.live.com/ 

Looks as though Microsoft intend to cross 
link their OS (Vista the latest version due 
out in 2006 in theory) and their office suite 
of applications to derive some species of 
online services product where users can tap 
in to a multitude of resources (for a payment 
no doubt) 

  

Commercial suppliers of published content/services 

Amazon They sell books (and other products)! Big 
index of published material and the 'Amazon 
identifier' has become a very sophisticated 
ISBN type identifier for online services. 

D-L-R-A 

Find the book, buy the book. review the book, 
have other books suggested to you, see what 
others bought. A good paradigm for context 
driven improvements to search and navigation 
issues. 

15% of the total book 
market in the US goes 
through Amazon.com. 
similar numbers starting to 
be seen for Amazon.co.uk 
and other national 
variants. The single largest 
online bookstore. 

10 years old. 

 Unknown - but assume circa $ 50-100 
million 

Upgrade your book 
purchase to include an 
online version 
accessible globally via 
amazon.  

Also seriously 
investigating the issues 
involved in 
deconstructing the book 
into granular sections for 
purchase.  

Also looking at the 
mechanisms for 
successful delivery of 
online books across 
multiple electronic 
platforms. 
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Underpinning framework – R&D activities  

Text Mining The National Centre for Text Mining 
(NaCTeM) provides text mining services to the 
UK academic community. The Centre 
provides software tools and services which will 
allow researchers to apply text mining 
techniques to problems in their areas of 
interest. (Initially Biomedical domain) 

Developing a pilot service. £979,00 ( 2004 – 2007) Possible CSR funds (£500,00) under the e-
Infrastructure strand will involve text mining 
to extend beyond Biomedical domain and to 
broaden benefits of the Grid. 

CSR funds (£600,00) for AHRC projects.  
Some projects may involve text mining. 

Inspired by NaCTeM, 
other counties are 
considering setting up 
such centres e.g. 
Germany. 

 

Other research projects: 

 

Data Mining Pervasive as part of the above services      

Underpinning framework – projects  

HILT High Level Thesaurus: focussing - on 
terminology and thesauri requirements at the 
collection level, but also bearing in mind the 
need to extend this in due course to the needs 
of item level retrieval. 

 

The project is charged with 
creating an M2M 
demonstrator that will:  

Offer web-services access 
via the (SOAP-based) 
SRW protocol , but be 
designed so that a 
possible extension offering 
other protocols (Z39.50 , 
or SRU , for example) at a 
later date could be an 
option.  

Use SKOS-Core as the 
'mark-up' for sending out 
terminology sets and 
classification data 
responses but be 
designed so that adding 
other formats such as 
MARC and Zthes would be 
an option at a later date. 

Current funding: 2005/06 
£59,000 

Future developments dependent on 
outcomes of the current phase and 
terminologies study being conducted at 
UKOLN and other work in this area. 

  

JISC 
Information 
Environment 

The IESR has been developed to provide a 
registry of information about electronic 
resources that are of value to teachers, 

Demonstrator project. 

The aim is to create a 
reliable source of 

£ 424,306 total 

November 2001 to April 

The funding of the current phase of the 
IESR will end on 31st July 2006. The project 
team intend to submit a proposal for 

USA - The OCKHAM 
Digital Library Services 
Registry: 
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Service 
Registry 
(IESR) 

researchers and learners. The IESR project is 
part of JISC's Shared Services Programme.  

 

information that other 
applications, such as 
portals, can freely access 
through machine-to-
machine protocols, in 
order to help their end 
users discover resources 
of assistance to them. 

The IESR contains 
information about the 
resources themselves, 
technical details about 
how to access the 
resources, and contact 
details for the resource 
providers. For resource 
providers the IESR will 
hold a master description 
of their electronic 
resources, to which other 
potential users of the 
resources may be 
directed.  

The IESR currently holds 
this information for a 
selected set of electronic 
resources within the JISC 
Information Environment, 
provided by:  

Arts and Humanities Data 
Service (AHDS) Edina 
MIMAS Resource 
Discovery Network UK 
Data Archive UK Mirror 
Service (now JISC 
National Mirror Service)  

2006 continuing funding to enable the future 
development and maintenance of the IESR. 
It is expected that the focus of the proposal 
will be on the steps required to move the 
IESR from a project to a service-in-
development. Important elements of the 
next phase 

include: increasing the usefulness of the 
IESR by encouraging the creation and 
maintenance of content; demonstrating use 
of the IESR through collaboration with other 
JISC shared services, repository and portal 
projects; continuing to disseminate 
information about the registry.  

 

http://www.ockham.org/  
Funded by National 
Science Foundation.  
They used the IESR 
metadata schema. 

 

GeoXwalk geoXwalk is JISC funded middleware 
implementing a digital gazetteer service and 
server for the UK academic Higher and 
Further Education community. The rationale 

It currently is part of the 
Go-Geo! Portal funtionality 
as mentioned above.   
Funded by the JISC 

Current funding 2005/06 
£40,000 

The JISC is investigating how to move this 
project from development to service. 
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behind the project is that there is currently no 
unified entry point to assist in geographic 
searching within the existing academic 
network as each information provider/service 
adopts different geographic coding 
conventions (some use postcodes, others 
placenames, some grid references etc.). 
geoXwalk is designed to make geographic 
searching transparent by ‘crosswalking’ these 
different geographies. 

Shared Services 
programme.   
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1  Executive Summary 
 
Virtual Research Communities (VRC) are a new concept but early research suggests that 
they have the potential to open exciting new opportunities to collaborate in research and thus 
realise significant gains at institutional, national and international levels. International 
comparisons have revealed that the UK is well advanced in its understanding of the area and 
has the world’s best structured programme of developments under way. Further programmes 
to develop their full potential need to examine issues of human behaviour, the role of 
government and other policy makers and closer links with commercial organisations, as well 
as continuing to pursue development of technology and standards. Five inter-related 
programmes of work are recommended to maintain the UK’s leading position in this area, and 
retain our ability to carry out world-class research: 
 

1. Establish a major programme of activities to understand the behavioural and social 
issues associated with greater take-up and transferability of developments in VRCs. 
The importance of reflecting the real needs, habits, preferences and aspirations of 
researchers themselves cannot be underestimated (see 6.1). 

2. Continue and enhance current VRE development programmes to explore and 
understand concepts, techniques and their applications to e-Science and research, 
using opportunities for joint international programmes where possible (see 6.2). 

3. Extend the e-framework activities of the JISC to encompass the full range of 
requirements of a VRC and establish whether a single, generic framework is possible 
or whether several, discipline-based frameworks are necessary (see 6.3) 

4. Encourage greater cooperation between research and the commercial sector to 
ensure good practice in computer-based collaboration in business enterprises can be 
transferred into e-Science, to provide a vehicle for developing user-friendly 
commercial VRE applications and to enhance knowledge transfer activities (see 6.4). 

5. Establish a task force to monitor developments in VRCs and similar activities in e-
Science to recommend to government and funding organisations how policies and 
reward mechanisms can be shaped to promote take-up of opportunities, and to 
encourage the development of young researchers able to use the full capabilities of 
e-Science when they enter their field (see 6.5). 

2  Definitions 
The concepts of Virtual Research Communities and Virtual Research Environments are, in 
2006, at the cutting edge of the use of technology to support research. As a result, there are 
no commonly agreed definitions, nationally or internationally. Within the United States, for 
example, they are frequently referred to as ‘Collaboratories’ with 'Cyberinfrastructure' 
synonymous with 'e-Infrastructure'.  The concept of a ‘Virtual Organisation’ is also a current 
development and a definition has been included here to contrast collaborations established to 
produce goods or services and those designed to support research. Several scenarios have 
been constructed to demonstrate the concepts described above and are available in Annex A. 
The following definitions have been agreed by the working group as the best current 
definitions, given available knowledge.  
 
2.1  What is a Virtual Research Community and what does it provide? 
 
A Virtual Research Community (VRC) is a group of researchers, possibly widely dispersed, 
working together effectively through the use of information and communications technology. 
Within the community, researchers can collaborate, communicate, share resources, access 
remote equipment or computers and produce results as effectively as if they, and the 
resources they require, were physically co-located.  
 
A VRC will be able to cope with the cultural and methodological differences of different 
disciplines. It will enable effective team work that can be as open and participative, closed 
and private, formal or informal and structured or unstructured as required; it will change 
between these states dynamically, depending on the nature and the stage of the research 
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process. The community will have at their disposal tools to identify potential co-workers, 
interact with research support and finance staff in institutions and create links to commercial 
enterprises. Access to a VRC will normally be through the researcher’s personal Virtual 
Research Environment.  
 

 
 

Figure 1: Example Virtual Research Community 
 
2.2  A Definition of a Virtual Research Environment 
 
A VRE is a set of online tools, systems and processes interoperating to facilitate or enhance 
the research process within and without institutional boundaries. The purpose of a Virtual 
Research Environment (VRE) is to provide researchers with the tools and services they need 
to do research of any type as efficiently and effectively as possible.  This means VREs will 
help individual researchers manage the increasingly complex range of tasks involved in doing 
research.  In addition they will facilitate collaboration among communities of researchers, 
often across disciplinary and national boundaries. The research processes that a VRE will 
support include: resource discovery, data collection, data analysis, simulation, collaboration, 
communication, publishing, research administration, and project management. Through the 
use of common standards, VREs will link with the broad digital context within which they sit, 
ensuring compatibility with other key systems such as those of research funders. 
 
2.3 Virtual Organisations 
 
A Virtual Organisation (VO) is geographically dispersed while appearing to others to be a 
single unified organisation with a real physical location. Its operation depends on similar 
software to that which supports a VRC and it shares many other attributes. It seeks to 
leverage complementarity, core competencies and pooled resources to create productive 
companies, be they corporate, not-for-profit or educational.    
 
2.4  Collaborative Virtual Environment 
 
The notion of a Collaborative Virtual Environment (CVE) stems from the concept of a 
distributed virtual reality system, the development of which has as its goal to provide a new 
and more effective means of using computers as tools for communication and information 
sharing with others. A CVE is one that actively supports human-human communication in 
addition to human-machine communication and which uses a virtual environment, including 
text-based environments, as the user interface. An enhanced role for these in VRCs of the 
future can be envisaged.    
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3  Current UK and International Position 
 
The Working Group carried out extensive research on the status of developments in Virtual 
Research Communities and Environments in the UK and elsewhere. Detailed information is 
provided in Annexes B and C. The following is a synthesis of the research and presents a 
number of observations on the current state of understanding. 
 
In the UK most of the research and development has been funded by the JISC, the Research 
Councils and a number of professional bodies (Annex B). The JISC programme is structured, 
to gain an increased understanding of VREs, produce tangible products and tools, start 
moving the technologies into a wider community and begin to change cultures and 
behaviours. The intention is to treat the activities as a coherent whole which can feed into 
future programme planning. The other two bodies have a more ad-hoc series of projects 
within enthusiastic communities to address specific problems facing researchers in specific 
disciplines. UK developments have included work in both the sciences and humanities; work 
in the latter area is somewhat rare elsewhere in the world  
 
Elsewhere (Annex C), the USA’s National Science Foundation (NSF) and Department of 
Energy (DOE) have been the principal funders of research and several tens of collaboratories 
have been funded across a range of disciplines, nearly all in the fields of science and 
engineering. There have been no systematic attempts to coordinate the programme, to gather 
together and share the lessons learned from different projects or use them to develop future 
work programmes. The fact that collaboratories are much more successful in some disciplines 
than others demonstrates significant differences in behaviour and attitudes to collaboration 
amongst different groups of researchers. The most successful is SPARC, the Space, Physics 
and Aeronomy Research Collaboratory, http://www.si.umich.edu/sparc/collaboratory.htm.  
 
The NSF Cyberinfrastructure Office has recently launched the CI-TEAM programme, 11 
projects of around $250,000 each, to promote the education and training of a new 
cyberinfrastructure workforce. The DOE created a framework project in 2000 to create a 
common software infrastructure to promote inter-working and reduce duplication across four 
national laboratories. Work in addressing issues of the Humanities is expected to begin soon, 
following the publication of the Draft Report of the American Council of Learned Societies' 
Commission on Cyberinfrastructure for Humanities and Social Sciences (2005), 
http://www.acls.org/cyberinfrastructure/cyber_report.htm.    
 
Elsewhere, the concepts of a VRE are only just beginning to be considered and what 
research or development there is, is sparse and generally uncoordinated, except in Finland 
where the unique culture and approach there has led to a centrally provided set of research 
resources although it does not yet provide collaborative facilities. In Australia coordinated 
development of e-Research infrastructure and projects is being promoted by government to 
provide access to data, resources and collaboration within Australia and globally. 
 
A number of commercial companies, notably Intel, Microsoft, IBM and HP, are developing 
collaborative environments to support activities within their own organisations or as 
marketable products. Currently there is little interaction between leading edge applications of 
technology to support scientific and other research and those supporting commercial 
activities; creating better understanding and working between the two sectors would be an 
early win but will need a push from government via the educational and research sector and 
an adoption of some reasonably basic standards to ensure efficient uptake of the software. 
Many current tools, commercial, open source or free, are described in Annex D. 
 

4  Current Issues 
 
Many research functions that are expected to be provided within a VRE, including for example 
resource discovery and data retrieval, have been considered by other e-Infrastructure working 
groups. Linking these services into VREs seamlessly will need to be achieved at some stage 
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but unless there are specific issues related to these services that will affect the development 
of VREs directly (such as flexible access management) they are not considered further here.  
 
Collaborative environments and communities are at an early stage of development. It is not 
even clear at this stage whether generic models for research through VREs can be 
developed, or whether each major discipline will have to have its own unique framework of 
attributes, tools and methods of working. There has been little testing outside of the UK 
(where some JISC work is at an early stage) about the extensibility of developments beyond 
the originating discipline and the receptiveness of researchers to materials or tools developed 
elsewhere. Major behavioural and social studies, in several disciplines, will be needed to 
improve understanding of this key issue. 
 
It will be necessary to bridge the gap between sciences, humanities and social sciences in 
terms of provision and adoption of tools and addressing their varied needs. e-Social Science 
and humanities researchers are a particular example where more incentives and training are 
needed to encourage adoption of collaborative technologies, though the need is seen to 
varying degrees in all domains. 
 
There are, as yet, no standards to apply to tools, products or applications in this emerging 
field. It will be some time before market-leading products begin to emerge, although there is 
merit in considering closer collaboration with commercial suppliers in the UK to stimulate that 
development and to support the OSI and HEFCE initiatives to commercially exploit world-
class research. The UK, through the structured JISC approach to its VRE programme and the 
e-Science activities, is better placed than any other country at the moment in its 
understanding and applications in this area and it is worth investing to increase returns on this 
investment and maintain our lead. Also, it has already been noted that research needs to 
learn from the experiences of companies developing solutions to collaborative working. 
 
The UK is also well placed in the provision of an effective, flexible access management with 
the launch of a new service, based on Shibboleth, in 2006. Security and trust are key issues 
for the success of VRCs but, at present, there is insufficient knowledge of how to make 
current systems flexible, robust and easy to use. No significant obstacles to developing 
services with these characteristics are foreseen, but understanding of the issues of copyright, 
shared ownership and other legal issues created by the digital revolution are lagging behind 
the technology and will require major effort to resolve, a pre-requisite if VRCs are to flourish. 
 
One of the biggest challenges to the widespread adoption of VRCs, and indeed the 
exploitation of the opportunities of e-Science developments in all types of research, is the 
human factor. The difficulties of engaging researchers across the board in using the new 
applications have already been alluded to. The biggest obstacle to take up will remain ease of 
use for the foreseeable future and poor human-computer interfaces in many current products. 
It will be possible to address this issue in several ways, including improvements to early 
prototypes, but it will be some time before ‘off the shelf’ applications or toolkits will allow rapid 
prototyping of applications to address specific collaborations.  
 
For the foreseeable future, researchers will need to invest significant effort in their attempts to 
use the new technologies. Support for researchers, by institutions, by research funders and 
through national services, has the potential to accelerate engagement and take up 
significantly. Appropriate reward mechanisms and supportive institutional policies may be two 
of the most effective drivers.  
 
The emergence of new roles is also to be expected: new types of technologists with the 
expertise to join-up services to enable communities to function and flourish, and collaboration 
facilitators and managers (for informal and formal consortia respectively) who can provide the 
‘social’ support required to deal with human issues during collaborations.  
 
However it is important to realise that attempts to bolt on ‘usability’ after technical 
development are doomed to failure. Because this is the current norm in developments in this 
field, there needs to be a paradigm shift in attitudes before real progress can be made. 
Funders will have to encourage developments that are user rather than technology driven, to 
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pay proper attention to user engagement as part of development process, and employ user-
focused design methodologies if there is to be a breakthrough in this area. 
 
Currently, most of the work on VREs has concentrated on the research itself. However VREs 
have the potential to help manage the whole research process from finding partners and 
bidding through research itself, and provide links to research administration, budget 
management and management by the researcher and by institutions. There is more work 
needed in this area, both to understand the issues and develop solutions. There are also 
opportunities to link virtual research environments with virtual learning environments to assist 
the training of the next generation of researchers. 
 
All of the development work to date has concentrated on establishing proof of concept and 
the development of individual technologies needed to support and underpin virtual 
environments and communities. Several more years of experimentation and testing will be 
required before some remaining fundamental issues can be resolved. It is therefore important 
for the UK to ensure that continuous analysis of progress in the field across the world is 
carried out and used to inform a structured, national set of programmes that target key areas 
of uncertainty and, simultaneously, provide a balanced approach across disciplines and 
between technologies and human issues.  
 
VRCs will only come into being when VREs are normalised, and tools to enable VRCs are 
widely deployed, robust and stable. 
 

5  VRCs by 2016 
 
When preparing this section, the group considered a number of global factors, which are 
listed below, that helped inform the ideas regarding the desired state of VRC technologies in 
ten years time. As mentioned earlier, several scenarios were also created describing the likely 
usage of VRC technologies within specific scientific areas, which are presented in Annex A.  
 
5.1  Factors Influencing the 2016 Vision  
 

• Globalisation and increased researcher mobility. International research activities have 
grown significantly over the last two decades. Recent years have also seen an 
increased number of scientists working in countries other than the country of their 
origin. The importance of the technological advances needed to carry out research 
has, therefore, considerably increased, particularly in providing flexible access to 
knowledge, skills, data and computational resources.  

• Multidisciplinary nature of research. Multidisciplinary research involving increasingly 
global collaborations of scientists are becoming more important. Removing barriers to 
multidisciplinary research by effectively supporting multidisciplinary collaborations is a 
key challenge for emerging technologies. 

• The changing roles of public and private research. There has been an increase in 
public private partnerships and knowledge transfer initiatives in the UK in recent 
years with a strong emphasis on business-led collaborative research. As well as the 
benefits of this type of partnership there is an added complexity of multi-sector 
collaboration. Interoperability of institutional applications will be critical as well as the 
need to address the differences in institutional cultures and practices.  

• Increased volume of research data. Technological advances allow for the collection 
and storage of large quantities of research data. The development of tools for shared 
manipulation of large data sets and for cooperative knowledge management has to 
keep pace with the exponential growth of materials in digital form. 

• Changing nature of network technologies. The advent of e-Science and Grid 
technologies has revolutionised the way research is being conducted. The 
convergence of computer platforms and networks and the shift to non-desktop 
systems, such as mobile and wearable devices and the move towards more 
intelligent infrastructures will also present new opportunities for collaborative work. 
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• The evolution of urban and work spaces development. Wireless networks and other 
advances in the area will create the ability to link physical spaces across the globe to 
support richer experiences for people.  

 
5.2  Trends Emerging from Scenarios 
 
The scenarios described in Annex A reveal a number of emerging trends in research 
practices and highlight a number of challenges resulting from the potential changes. These 
are summarised below.  
 
It is apparent that the future of scientific research will increasingly depend on the interaction 
between globally distributed teams of researchers. The main advantage that VRC 
technologies can bring to research is the enabling of increased interactivity between 
researchers and access to skills, knowledge, research data and computational resources 
situated in remote locations. Time will be saved since researchers will not need to travel to 
work with others or access resources. Data is collected increasingly by using instruments at 
remote sites in real time. The real time capability will also allow researchers to quickly validate 
results. The effectiveness of research partnerships is therefore likely to be influenced more 
and more by the available institutional and national infrastructures. The increased reliance on 
connectivity, however, will create pressure for some academics. 
 
New forms of collaboration are also emerging, particularly those of self-selected and self-
organised communities of researchers of various disciplines. The use of distributed 
collaboration technologies is likely to shift the locus of scientific innovation to such distributed 
groups of experts. Radically new applications will be needed to process, communicate, store, 
analyse and visualise the huge amount of data produced by global teams of researchers. 
Supporting researchers to work on multiple projects and interdependent work tracks will also 
be crucial, as well as introducing new management structures to support the changing nature 
of research. The potential for more rapid innovation will be greater; however participants will 
need to be given incentives to engage in such collaborations. There are also a number of 
social, legal and ethical issues to be resolved, e.g. copyright protection of ideas generated in 
a virtual space and protection of data privacy.  
 
The main challenge to be resolved will be the support of the change in culture by creating a 
climate of trust amongst distributed members of research communities. Removing barriers 
and introducing incentives which will encourage researchers to share the results of their work 
and receive adequate recognition for doing so, will also be critical.   
 
5.3  Desired Technological Capabilities for 2016 
 
To deliver the benefits of VRCs and address some of the challenges discussed above a 
number of capabilities need to be built into future VRC technologies. The list below contains 
the most important capabilities, which are grouped in the following categories: 
 
Community Management 

• Support the operation of a community through all stages of its lifecycle – from 
formation through to closing down. This would include providing facilities for members 
joining and leaving, and community workspace management;  

• Allow the management of multiple research teams, including combining integrated 
calendars.  

 
Support for Distributed Research  

• Support the integration of research processes across the research lifecycle, including 
the management of research; 

• Allow distributed persistent usage and support mobility of researchers across various 
locations and research sites; 

• Support researchers to work on multiple projects and interdependent work tracks; 
• Have integrated and secure personal and community workspaces and provide easy 

ways to switch between the two; 
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• Facilitate locating of researchers with compatible interests; 
• Facilitate easy flow of information between members and resources within the 

community.  
 
Support for Collaboration 

• Support collaborative collection, manipulation and management of data, as well as 
collaborative knowledge creation; 

• Provide facilities for asynchronous and synchronous collaboration and allow the 
ability to switch between them;  

• Support different types of collaborations (from formal to informal); 
• Facilitate social bonding especially amongst members who have not had face-to-face 

contact. 
 
Context Awareness  

• Support social context awareness by providing information on the social situation of a 
collaboration;  

• Support presence awareness by providing the notion of identity, location, and time 
zone;  

• Allow awareness of the availability of resources and devices and their status.  
 

Personalisation and Adaptation 
• Support tailoring of the environment by individuals or groups to reflect their interests 

and preferences; 
• Be self-adaptable (prior to interaction) and self-adapting (during interaction) to 

contexts, user abilities, cultural characteristics, and tasks.  
 

Human-Computer Interface 
• Provide an easy to use and natural interface to all resources; 
• Provide an integrated interface for different access devices;  
• Allow long term usage without interrupting social interaction cues, especially during 

synchronous collaborative sessions; 
• Ensure representations are realistic and adequately simulate the richness of face-to-

face interaction. 
 
Interoperability and Other Technical Capabilities  

• Ensure the seamless integration and access to tools and resources across 
institutional and national boundaries; 

• Be modular and extensible; 
• Be secure and trustworthy. This will necessitate interoperation with federated cross-

institutional authentication and authorisation mechanisms; 
• Be reliable and robust; 
• Allow seamless roaming through heterogeneous networks.  

 
To achieve the above capabilities, a flexible, extensible and secure open architecture of 
resources, tools and services is required. This architecture should allow anytime anyplace 
access to experts, knowledge, collaboration tools and computational resources to match user 
needs, preferences and tasks. Each VRC is likely to have different requirements on the type 
of resources and tools needed to support their activities. Therefore, a mechanism needs to be 
devised for the flexible creation of a layered architecture of distributed resources and tools, 
which interoperate with each other, addressing issues such as authentication and 
authorisation.  
 
There are a number of emerging collaborative tools and technologies which could be 
integrated into a VRE architecture. Examples of these tools are given in Annex D. Many of 
these are still in development stage and they do not address the full range of requirements 
needed to support distributed communities of researchers. A number of issues, therefore, still 
remain to be resolved including their usability, robustness, reliability, and security. A 
considerable amount of effort also needs to be spent to ensure their interoperability and 
seamless integration.  
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6  Steps to 2016 
 
Virtual Research Communities enable human-human collaboration and communication, 
supported by the underlying e-Infrastructure and, in particular, VREs. The issues of human 
behaviour, and associated elements such as policy drivers, reward systems, legal and IPR 
issues, relationships and trust, therefore have equal importance with the technology itself. A 
complex and interacting set of developments covering all of the areas identified in this paper 
is required to move forward VRCs over the next ten years. While technology development is 
the highest priority activity in current activities, any future programme must pay equal or 
greater attention to, and anticipate, the importance of non-technical issues. 
 
The Working Group’s research shows that the UK is ahead of the world at the present time in 
this field. Although the US has invested significantly more in collaboratories than the UK, our 
coordinated, national approach, with a strong application led agenda, has given a higher 
return on the money invested so far. A continuation of this approach over the next ten years 
will help the UK maintain a world-class position in research capacity and output. Work needs 
to be carried on in five principal areas, as shown below: 

Commercial Technology 
Players And Services 

Government, 
Research 
Councils, 

HEFCE 

Policy,  
Rewards 

Legal, 
IPR, 
Trust 

Standards, 
Frameworks 

 
Behaviour 

 
UK 

World 
Class  

Research 

 
Figure 2: Key Areas for Development 

.1  Behavioural and Social Issues 

ge 

ing 

ility 

to be closely coupled with the 

s to 

 
6
 
These are the most important areas of research for the future. They are also the areas which 
will take the longest to achieve significant progress; previous experience with cultural chan
on the scale required here suggest that a 10 year (or longer) programme will probably be 
required to achieve any significant level of success. The role of government and fund
organisations in enabling and stimulating change is critical, and is discussed below. 
 
A series of studies is needed, based on existing and earlier programmes, to establish what 
behavioural issues exist that prohibit or significantly reduce the acceptability and extensib
of tools and services developed in one discipline from migrating to others, and to identify 
mechanisms to minimise or remove these. This work needs 
development of frameworks, models and standards above. 
 
A second thread of research and development will be to improve the human/computer 
interaction in VRC / VREs. At present these are often difficult to master, non-intuitive and a 
major barrier to improved take-up. One possible method of ameliorating these problems i
encourage the use of design methodologies that involve the end-user from the outset. 
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A major set of barriers to increased take up are the human problems of collaborative resea
– establishing trust, establishing ownership, copyright and intellectual property rights, 
appropriate recognition of contributions and the need to publish to establish and maintain
academic reputation. Policy and reward mechanisms as drivers for change are discussed 
below but all the te

rch 

 

chnology programmes proposed above need to include a thread that 
vestigates the problems the developments raise in this area and seek to incorporate means 

to 
ue of the investment in technology will never be realised. A 

rogramme to develop suitable support, probably allied to the existing e-Science support 

igh 
uation 

er, as experience grows, 
oupled with greater understanding of frameworks and the establishment of standards, it will 

also seeks to incorporate 
to VREs the other technological developments required by researchers, including resource 

 needs 
 move seamlessly between closed, private periods of activity to more open, collaborative 

o 
d 

s shown 
at jointly funded programmes with other significant international players, both in the USA 

rough bidding and 
search, to final publications. An effective strategy, and funding, to establish these will be 

Cs to function effectively.  

 create 
 a large range of activities in education 

nd research and create an architecture that shows how these are linked and can be 

in
to alleviate them. 
 
Finally, the need for promotion and encouragement to improve the take-up of the new 
opportunities by researchers across the board has to be recognised and addressed, backed 
up by services that will provide practical assistance to actually use the new methodologies. 
Without appropriate support, the effort required to change and adapt will remain a hurdles 
increased take-up and the full val
p
centres, requires consideration.  
 
6.2  Technology and Services 
 
There is still a great deal of research and development to be done in the concepts and 
technologies that will support collaborative working using high speed networks, access to h
performance computing and an increasing range of digital resources (see 5.3). A contin
of current development programmes will be needed for the foreseeable future at a higher 
funding rate than at present if there is a desire to increase the pace of change. These 
programmes will continue to be opportunistic over the next few years, applying techniques 
and technologies to solving particular research problems. Howev
c
be possible to develop more generic approaches and solutions. 
 
For the maximum return on investment a planned, coordinated set of VRC / VRE activities 
across all areas of science and engineering will be needed, building on the work already 
started by the JISC and others. It is essential that the programme 
in
discovery, access to remote data and computing resources, etc.  
 
A particular thread of development activity needed is to increase the flexibility of the current 
generation of access management tools. To function effectively, collaborative research
to
work. Enhancements to the services currently being trialled will permit this to happen. 
 
Any technical development programme will need to address two other issues as it moves 
forward. Firstly it needs to reach out to other disciplines and communities and encourage the 
use of the new research paradigm in an expanding range of disciplines. Secondly it needs t
keep a close watch on technical developments elsewhere in the world, both in education an
research and in the commercial application of similar technologies. Experience ha
th
and Europe, can deliver significantly enhanced returns and must be encouraged. 
 
The development programme will identify new services that will be required by users of a 
VRE to support the entire research process, from locating partners, th
re
needed to deliver the tools required for VR
 
6.3  Standards and Frameworks 
 
The JISC, with a number of other partners, is developing an e-framework that seeks to
a model that describes the various services needed by
a
extended to incorporate new activities where needed. 
 

Page: 10 



VRC Final Report, 31st March 2006 

A VRC will need a complex, interoperating set of services and resources to function. A 
programme of work to determine extensions to the e-framework to support the concept of a
VRC is therefore needed over the next two to three years, with continuing development as 
new concepts and practices are understood. One key area of early research needed is to 
establish whether it is possible to d

 

raw up a single, generic framework for VRC / VREs or 
hether different disciplines will require separate frameworks, because of their own distinctive 

e 
 

of 
 the government, funding bodies and 

e commercial players in encouraging the adoption of standards in development work, 
ort research. 

ols already exist, but it can feed into any technical development programmes for VREs to 

roducts 
is element of the 

evelopment process will create more attractive, well supported and user-friendly 
across research. 

s 

quired to stimulate more effective use in developing 
K Plc. Government also has a role in stimulating closer collaboration between research, 

of young 

rch environment will be one possible method of achieving this, 
nd encouraging the development of suitable courses and modules to stimulate and equip 

rily 

 in 
rch no matter how 

much the speed of communication increases and the cost falls – exchange of information 
does not necessarily replace exchange of physical and human resources. 

w
sets of activities and interactions. 
 
A key part of the development of the e-framework is the identification of where standards ar
needed and can be implemented, particularly to improve interoperability. Most of the players
in the field recognise the value of internationally agreed standards to increase the value 
investments in this area. It will be important to engage
th
applications, tools and services to supp
 
6.4  Commercial Engagement 
 
Engagement with the commercial sector can be effective in two ways. Firstly a study of the 
use of new technologies to support collaborative activities in commercial organisations and 
the characteristics of virtual organisations needs to be carried out. This will not only identify 
where e-Science can benefit from the experience of other organisations and where suitable 
to
support VRCs that encourage closer inter-working with commercial companies (3rd Stream) 
 
Secondly, partnership with the commercial sector to develop and market promising tools and 
application must be encouraged. Researchers have a poor track record in taking p
successfully to market, and work with commercial players who understand th
d
applications, which will, in turn, encourage greater take up 
 
6.5  Government and Funding Organisations 
 
The role of government, research and funding councils and institutions in promoting policie
and reward schemes that encourage greater use of new research tools has already been 
noted. A high-level task force is recommended to monitor developments in e-Science and 
advise these bodies on the policy shifts re
U
universities and the commercial sector.   
 
A further role for the research councils and HEFCE is to encourage the emergence 
researchers who can enter their field fully equipped to use the latest e-Science tools and 
collaborative facilities immediately. Developing close links between virtual learning 
environments and virtual resea
a
new researchers is essential.  
 
6.6  Concluding Remarks 
 
It is important to realise that while the Internet shrinks space (and time) it does not necessa
make “place” irrelevant. Some research issues are global and are directly facilitated by the 
communications technology, as there will be many interested parties in diverse locations. 
However, other issues are mostly relevant to researchers in a particular time and place and
these cases remoteness will still play a significant role in segmenting resea
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Annex A 
 
Scenarios demonstrating how research may be enabled by 
the uses of virtual research communities and environments 
 

The laboratory scenario illustrates in detail how an individual researcher will interact with the 
laboratory, institution, colleagues and the global community. Other scenarios illustrate how 
these general concepts apply across many areas of research from science and engineering to 
social science, media and humanities research; they highlight different aspects that are of 
prime importance in collaborative work in these areas. 
 
A1 Small Science – Small Groups Laboratory Based 
 
e-Research and the Chemist: A vision for 2016 
 

The impact of technological advances will be most significant in the way information is 
organised and disseminated. Advances in experimental techniques will be less significant in 
that we are well used to new experimental and analytical processes and the process of ‘doing 
chemistry’ has been well able to integrate these in to its methodology without deep seated 
changes. 

 
Chemistry Laboratory Research in 2016 
 

Chemistry research is a combination of individual efforts, ideas and insight, building on a vast 
collection of material, supported by group contributions, including local experience to 
accessing a world wide network of expertise, derived from personal contacts. The e-Research 
agenda will impact on all stages in the chemical knowledge cycle – (a) initial conception & 
planning, (b) experimental practice & discovery, (c) information integration, (d) knowledge 
extraction and (e) dissemination. The cycle is closed by the interaction between the first and 
final steps. 

 
A research study – a view from inception to dissemination 
 

A ‘virtual tea room’ discussion over email/video suggests that an observation may have been 
miss interpreted, and further follow up of the material (drilling down through the publications 
etc) by one or more of the interested group, throws up a number of issues that impact on the 
current work of the initiating researcher. Over time this leads to the generation of a research 
idea and a research proposal, which is in due course funded (well it is a dream vision going in 
here), pulling in industrial collaborators to the project. In writing the research proposal the 
semantically-aware chemical version of word processing or typesetting systems supplied by 
the VRE, enables a short but richly linked document to be prepared, which provided the 
reviewers with all the necessary background material they need, to whatever level of detail is 
appropriate for their individual expertise. This document starts to formalise the VRC.  

Applications for central facilities needed for the research are made at the same time and the 
proposal is linked to the institutional archives to provide in the future a context for the results. 
The secure store provides the necessary infrastructure for patent (USA style) proof in due 
course. 

Experimental planning now underway, meetings taking place between the researchers are 
supported by software that allows concept maps to be used to organise the information, 
allowing for ready prioritisation of the material, and providing a framework for recording the 
discussion. The degree of formality introduced at this stage depending on the commercial 
sensitivity of the project. From this framework the individual experimental plans day by day 
can be developed that form the basis of the digital model that would look after the electronic 
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notebooks (ELN). 

The experiments undertaken with the aid of context sensitive, easy to use ELNs, which are 
tied in to the automated equipment (when it exists) and the specialist systems, which will 
always be needed. The quality and reliability of the data and metadata capture will thus be 
significantly enhanced. Within this approach the opportunity for timely safety intervention in 
planning is also increased. 

The review of the experimental material can then take place in the context of all the back 
ground material being available from both the initial planning meetings and the ELN record, 
with the analysis being collected in a similar manner aiding the processes by which a theory is 
abstracted or confirmed from the available data. The volumes of data that need to be 
assimilated can be large, especially if combinatorial experiments are involved or large scale 
model fitting has been undertaken. 

Visualisation is increasingly a concern, but one which is probably not limited by technology 
but by the arrangement and organisation of the data. This again prompts the researcher to 
make use of the flexible and fast data storage and retrieval to investigate the data sets and 
their context. This try it and see element, that goes against a planned experiment, will still be 
an essential part of data analysis, and the modern capture tools will be able to record and 
allow, review, re-use and improvement, of the approaches attempted. 

To achieve this in the modern interdisciplinary world, much expertise outside that of the 
original researcher may be required (extending the VRE). The exchange of information is then 
facilitated not only by electronic means, but by explanations of the data for others not expert 
in its generation. 

In particular, the growth in computer power and simulation technology means that many 
experiments can be usefully carried out that requires a simulation model in order to extract 
important fundamental information. Increasingly these simulations will be carried out in 
parallel with the experiments. An important impact of the e-Research infrastructure will be to 
facilitate exchange of information between experimentalist and theoretical chemists. Ensuring 
that the data is exchanged with all necessary background to ensure that as far as practical 
the same systems under the same conditions are actually being studied. 

Once significant results have been obtained, all the information is already by the nature of the 
processes described above, linked in upwards in a pyramid, to this conclusion. Presentations 
of the data are then possible to sponsors, at conferences and other similar events, and 
‘publication’. The context aware information means that a concise exposition of the theory can 
be prepared for publication with the understanding that all information required to backup the 
theory can be readily made available to the public. This completes the cycle by providing all 
the data back to the overall virtual chemistry community. The same software that supported 
the ‘rich text’ needed in the applications, the information exchanged on the project, supports 
the ‘final’ publication. Access to the paper and to the data is recognised as essential and is 
acknowledged. 

 
A2 Enhancing Interpretation Through Multidisciplinary Research in the 
Humanities 
 
Researchers in the arts and humanities are concerned with human culture and the products 
of the imagination. The range of 'data' with which researchers work is complex and the scale 
huge. Literature, music, film, architecture, pictures, and material culture provide much of the 
source for humanities research. Practice-based disciplines in the arts are also producers, as 
well as consumers, of cultural artefacts. 

Given that much of the research within the humanities is about interpretation, 
contextualisation and reconstruction, individual data sources are rarely considered in 
isolation. In practice, the humanities deals with composite, multimedia objects (themselves a 
mixture of digital and physical components). Whilst the digitisation of primary and secondary 
sources will remain high on the requirements list, the intellectual quality, rather than simply 
the quantity, of the collection remains important. Large-scale digitisation programmes raise 
questions about intellectual re-usability as well as concerns about resource discovery, 
sustainability, preservation and access. 
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Over the next ten years, only a fraction of the world’s cultural heritage will be available in 
digital form and much of that will be as surrogates where interaction with the original physical 
artefact will remain the ideal. Heritage sites, library and archive special collections, studios 
and performance spaces will remain key locations in which arts and humanities research is 
undertaken. It will be normal for researchers to use mobile, networked devices in these 
locations. 

The mobile device will permit access to a personalised virtual research environment, co-
located with the physical research environment. The virtual research environment will support 
many components of the research process. 
 
Weaving Together Human Culture, Place and Multidisciplinary Research 
 

The day starts in the library but that fact almost immaterial save that that is where the 
manuscript is (the researcher could be anywhere as far as she and her colleagues are 
concerned). Whilst the research library has completed the digitisation of its detailed 
manuscript catalogue, and incorporated automatic links to published secondary sources, the 
digitisation of its many thousands of manuscripts is not yet complete. The researcher is 
therefore in the library with the manuscript and a mobile, networked personal knowledge 
manager. The device is aware of its physical location and has tailored the virtual research 
environment accordingly. Any increased use of active RFID tags together with RFID detectors 
within mobile devices offers the potential for personal knowledge manager devices 
dynamically tailor the VRE with information and workspaces relevant to objects in the vicinity. 

The manuscript is ancient and the researcher is keen to provide a detailed analysis of its 
provenance since its intellectual content may contribute to a better understanding of the 
emergence of Islamic alchemical literature. The colours are particularly striking. Her notes are 
entered, transmitted and held within her institution's research repository. She has chosen to 
permit access online by anyone and to encourage annotation by members of her immediate 
research family. 

The library permits non-intrusive digital photography for research purposes, now at a 
resolution appropriate for scholarly study. Sometimes the manipulation of the digital image 
can enable her to spot features not immediately discernible to her naked eye. The folio under 
inspection appears to contain palimpsest ('ghost') text partially obscured by a foreground 
drawing. She is quite excited by this find and uses her alerting tool to notify research 
colleagues in various locations about this discovery. 

A virtual discussion takes place and moving images are transmitted. Is the palimpsest 
contemporary with the rest of the manuscript? Colleagues take a multi-disciplinary approach. 
For example, a previous grant has enabled the library, which houses a major collection of 
manuscripts, to support the latest Raman microscope system with a remote access facility. 
With the curator's permission the manuscript is placed under the Raman probe. The probe is 
controlled by a post-doctoral humanities researcher who has previously benefited from a 
placement in a multi-disciplinary doctoral training centre. Finding such a person was relatively 
easy, using a federated research discovery service. 

Colleagues participating in this virtual meeting can watch as the results from the microscope 
are compared against the relevant data libraries. Tools jointly developed with or appropriated 
from computing science enable the researchers to make suggestions for the reconstruction of 
the text through image manipulation controlled by the available Raman data. 

Layers of quick annotations are laid down and dynamic links made to supporting literature. 
The knowledge structure is being built by many remote hands. At some point a formal 
presentation is planned The entire process as well as the preliminary results has been 
captured and will be re-presented via learning interfaces for the teaching of palaeography and 
through open interfaces for the public's better understanding of the humanities. 
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A3  Intrinsically Geographically Distributed Science: Water Resources 
 

Large Scale Science of an intrinsically geographically de-localised nature encompasses such 
problems as: global warming, ozone depletion, environmental disasters, and limited water 
resources. The study of these will all benefit from virtual research communities enabled by e-
Infrastructure. Following the lead set by collaborations in areas such as earthquake 
engineering and tsunami research, e-Science will greatly aid the research into phenomena 
that are intrinsically worldwide, either because they occur on a global scale or because they 
occur in many places across the world. Issues that require the interaction of laboratory 
studies and environmental observations (so also those that require the observation of people 
in different environments) will benefit particularly from the deployment of an e-Research 
infrastructure supporting VRCs. The major issues of energy, water and disease that confront 
humanity globally fall in to this category. 

Research in this area requires the combination of a very wide range of disciplines and 
technology. The physical communications infrastructure needs to be augmented with 
knowledge technology to ensure that groups as wide apart as environmental climate 
scientists, social scientists, hydrodynamic engineers, farming and food technology, political 
concerns, can all communicate, store and record environmental and social information and 
develop models that can be used collectively.  Furthermore these models need to be 
improved collaboratively, harvesting information from all these domains, about the way people 
need and use water, feeding it back to the model in a way that should improve prediction in 
other areas of the models. Linking on a global scale will give communities individual 
ownership of one of their most severe environmental concerns, while allowing them to belong 
and contribute to a global effort to understand and then apply research in this area.  Each 
geographical area will have its own problems and solutions, and these provide a basis for 
understanding the global water problem in a much wider context if the full scope of the 
information can be recorded, distributed & understood by others.  The infrastructure required 
must have global reach in to areas that are not simply extensions of the technologically 
developed world.  Observation and interaction will be needed with people in all areas – 
satellites may show the world’s water reservoirs and even indicate the uses made of the 
water but do not show the attitudes to these resources. 

 
A4  Clinically-driven Laboratory Research to Laboratory-driven 
Clinical Treatment 
 

Supporting the interaction between the laboratory and the environment is an idea that extends 
to the medical arena. We can imagine a much closer collaboration between clinical practice, 
clinical research, biochemical investigations and fundamental chemical research. Taking an 
example of a recently proposed investigation between Southampton and UCL: studies of the 
kinetics of key HIV protease mutant enzymes is of fundamental interest to the analysis of 
chemical reaction dynamics but has a clear clinical importance in the issues of resistance to 
inhibitor drugs. Steering the laboratory mutants by observation of the rise in resistance in the 
infected community provides for the opportunity to influence clinical practice directly from 
laboratory results, via of course all of the necessary pharmaceutical trial infrastructure and 
with due regard to ethical issues. All of which requires the efficient flow of information across 
these varied domains. The e-Research infrastructure a decade hence, linking with the NHS e-
information networks, would enable the information present within the epidemiological area to 
be much more readily linked to work undertaken in fundamental areas. 

 
A5  Engaging the Community – A truly large scale VRC  
 

We can all become part of the research community. Traditionally trained scientists have made 
measurements carefully in laboratories or selected sites. An alternative approach is to make a 
very large number of measurements with less trained personnel and accept the concomitant 
errors, which are overcome by the statistical treatment of the huge samples. 
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One of the most reliable and extensive data sets that is held by the Met Office is the results 
from giving many schools a snow stick and asking them to measure the height of snow fall 
and snow drifts around the UK. Until the advent of web based infrastructure for rapid and 
cheap communication of instruction and results, even the most optimistic researcher in a 
publicly appealing domain could only hope to enlist a few enthusiasts to use GPS for location 
(or the effective proxy by mobile phone). The global high-density coverage could not be 
obtained. Now the problem is the reverse, public uptake can be so high that the ability to 
process the data becomes the limiting process. Adventitious science may become one of the 
most effective research endeavours – e.g. how to use sensors provided in a mass market for 
other uses for fieldwork. The use of mobile phone cameras to record the time and place of 
events or the use of cheap or inbuilt temperature sensors for laptops to record working 
environmental temperatures could be just the start of global scale monitoring. The community 
involvement in research will have other benefits in terms of the potential for outreach and the 
encouragement of science and technology. 

 

A6  Towards Personalised Virtual Research Environments for the 
Humanities 
 

Key processes within the humanities research cycle will increasingly take place via a 
community-based virtual research environment including, online discussion seminars, shared 
image manipulation, and the flow of information to and from distributed but interoperating 
databases. The humanities will increasingly adopt and adapt concepts and tools originally 
developed within other disciplines, including the capture, secure storage and flexible access 
to a record of the research process. Multidisciplinary doctoral training centres will, at an early 
stage, help knowledge transfer and application to and from the scientific and culture-based 
subjects. Collaborative research teams including members drawn from disciplines currently as 
diverse as classics, engineering, history, chemistry, literary studies and computing science 
will be less exceptional. Virtual research communities breaching the disciplinary boundaries 
will enable the sharing and integration of artefacts, methods and infrastructure. The 
boundaries between research, learning, administration and public environments continue to 
dissolve resulting in a more effective public understanding of the humanities. 

 

A7 Creating Global Virtual Theatres for the Creative Arts 
 

The use of e-Infrastructure to enable virtual research communities will extend to the creative 
arts. Practice-based researchers in the performing arts, for example, will take advantage of 
advances in broadband and video-conferencing technologies to collaborate on theatrical and 
musical performances where the directors, actors, musicians and audience members are 
scattered globally. The success of such performances, which have the potential to reach new 
audiences, are dependent on network capacity and speed. The development of a virtual 
research environment for collaborative music, for example, will itself be a multi-disciplinary 
activity, bringing together experts in acoustics, computer science, musicians and researchers 
in theatre and performance. The VRC will be expected to facilitate rehearsals and coaching. 
The bringing together of so many participants, audience and performers alike, from desktop to 
theatre, in a virtual space for a single live event, is itself a highly visible symbol of the virtual 
research community. The 20th February 2016 marks the bicentenary of the first performance 
of Rossini's Barbiere di Siviglia. By that time the technology will be available to undertake the 
research and realise the performance within a global virtual theatre. 

 
A8 Building Virtual Centres for Innovation and Enterprise (Third Stream) 
 
Building on existing business partnership activities, universities will invest third stream funding 
in the deployment of virtual research community e-Infrastructure to support virtual centres for 
innovation, knowledge transfer and business outreach. Such virtual centres will be particularly 
effective as regional virtual organisations which combine the bringing together of expert 
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groups from amongst multiple institutions with the maintenance of a strong local presence. 
Virtual centres have the potential to provide a clear entry point into universities for business 
and a conduit for technology and knowledge transfer between business and academics. 
Membership of a virtual research community offers additional opportunities for business 
people to participate in the life of universities whether through access to registers of expertise 
(and potential non-executive directors), online training and skills development, access to 
shared services such as technology observatories or .IP management and licensing, and 
access to remote facilities and tools offered via the corresponding virtual research 
environment. For universities it is an opportunity to market their research and teaching to 
business, and provide an additional means of maintaining relationships with graduates and 
other alumni. The VRC for innovation and enterprise contributes to the building of regional e-
Infrastructure for collaborative research and development projects. Establishing successful 
partnerships through a virtual centre for innovation and enterprise will help ensure the 
realisation of business-university partnerships within any one of the preceding scenarios. 
 
A9 Professional Bodies 
 

Professional bodies and learned societies across all subjects are making increased use of 
email and web to communicate with members and ensure their members are aware of, and 
can respond to, current trends, funding opportunities, career developments, interactions with 
local, national and international bodies. Such organisations are IT literate and will make 
increasing use of commercial systems. They are not, however, the innovators in the 
development of such technologies but, in certain areas, may be considered early adopters. 
The organisation of conferences and the production of journals will be almost entirely using 
network technologies. The dissemination of information and research via electronic means 
will be the norm. Reliability and credibility amongst broad communities will remain a priority 
for professional bodies. 
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Annex B 
 
Current UK Activities in Virtual Research Communities 
 
B1  Current JISC Activities in Virtual Research Environments 
 
In 2004 the JISC commissioned £3.2 Million into a development programme which aims to build and deploy collaborative, multi-disciplinary Virtual Research 
Environments. The programme aims to bring together VRE tools and technologies to demonstrate how researchers can manage better the increasingly 
complex tasks which they are being called upon to perform. Fifteen projects have been funded which are currently developing different VRE solutions. A short 
description of each is provided in the table below. A further £2 Million of capital spending funding from HEFCE has been allocated to extend the current VRE 
activities of the JISC.  
 
Project Name Brief Description  Lead 

Institution 
Level of 
Funding 
£k 

End 
Date 

Sakai VRE for Educational 
Research 

To extend the Sakai framework and exploit it for large, distributed social sciences research 
projects. The focus is on activities to investigate the needs of the TLRP researchers and to 
evaluate the extent to which Sakai meets those needs. 

Cambridge  £290 Dec 2006 

VRE for the History of 
Political Discourse  

To develop a VRE capable of expansion and of facilitating multiple participation in the field of 
the History of Political Discourse. It combines the capabilities of the Sakai platform and the 
Access Grid to achieve this aim.  

East Anglia £150 Oct 2007 

Sakai VRE Portal 
Demonstrator 

To address the requirement for a single point of access to a comprehensive set of Grid and 
collaboration services in a VRE. 

Lancaster   £299 Jan 2007

VRE for the Integrative 
Biology Research 
Consortium 

To develop a VRE demonstrator to investigate the utility of existing collaborative frameworks to 
support the entire research process of a large-scale, international research consortium in 
Integrative Biology. 

Oxford   £300 Mar 2007

Building a VRE for the 
Humanities 

To build a VRE for the Humanities by investigating how Humanities research can benefit from 
ICT and by constructing demonstrators in specific fields. 

Oxford   £91 Oct 2006
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Project Name Brief Description  Lead 
Institution 

Level of 
Funding 
£k 

End 
Date 

Integrating Digital Library 
Technologies with Sakai and 
Kepler 

To identify and integrate a number of tools and technologies for the data grid and digital library 
communities which will support collaborative e-Research across institutions and domains using 
Sakai and Kepler scientific workflow system. 

Liverpool   £148 Feb 2007

Silchester Roman Town: A 
Virtual Research Community 

To develop a system to facilitate archaeological research by synchronising the three processes 
of gathering information, co-coordinating expertise, and managing the resulting body of data. 
This is achieved by establishing interoperability of different digital resources and the use of 
wireless technologies.  

Reading   £60 Nov 2006

GROWL: VRE Programming 
Toolkit and Applications 

To build upon the existing prototype GROWL library to produce a truly lightweight extensible 
toolkit which complements other solutions. 

Cambridge   £150 Jul 2006

EVIE: Embedding a VRE in 
an Institutional Environment  

To test the integration and deployment of key existing software components within a portal 
framework. 

Leeds   £299 Oct 2006

ELVI: Evaluation of a Large-
scale VRE Implementation  

To produce and demonstrate a practical framework for the effective deployment of a generic 
VRE. 

Nottingham   £198 Jan 2007

MEMETIC: Meeting Memory 
Technology Informing 
Collaboration  

Extend the Access Grid's VRE infrastructure with new collaboration functionalities from the 
CoAKTinG project. 

Manchester   £200 Oct 2006

CSAGE: Collaborative 
Stereoscopic Access Grid 
Environment 

To construct and use a portal semi-immersive stereoscopic solution to create an increased 
level of ‘presence’ within the Access Grid environment and the recording of the performance, in 
the same format, within a framework playable by a larger community base as and when 
required. 

Manchester   £100 Mar 2006

ISME: Integration & Steering 
of Multi-site Experiments  

To develop and refine the experimental steering process, shared workspace and distributed 
visualisation into a VRE making them deployable by dispersed teams of instrument scientists, 
material scientists and engineers in a transparent and robust manner. 

Manchester   £150 Oct 2006
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Project Name Brief Description  Lead 
Institution 

Level of 
Funding 
£k 

End 
Date 

IUGO: Conference 
Information Integration  

To develop a proof of concept system to enable the integration of web-based content (and 
references to non web-based content), related to individual conferences and individual 
sessions within conferences, thus providing a means to provide far great benefit to the wider 
research community than is currently available from conference attendance. 

Bristol   £150 Jun 2006

CORE: Collaborative 
Orthopaedic Research 
Environment  

To provide integrated computer support across the research and educational cycles, because 
these activities are intrinsically coupled as a part of the requirements of the surgeon’s 
Continuing Professional Development. 

Southampton   £137 Oct 2006

 
 

B2  Research Council funded Virtual Research Environment Projects 
 

The 23 projects below are drawn from the much longer list of activities funded by the Research Councils as part of the e-Science initiative following the 2000 
and 2002 Spending Reviews.  It could be argued that the entirety of this investment is of relevance to VREs; the activities that received funding ranged from 
large, multi-million programmes such as PPARC's AstroGrid, aimed a providing a virtual infrastructure for a large community of researchers, to smaller 
initiatives geared to access to computational facilities and/or the more effective distributed manipulation of datasets for particular communities. Many of the 
projects concern tools being developed for use in discipline-specific VREs, such as new spatial analysis tools. 
 
The projects highlighted below are those that are more explicitly aimed at fostering VRCs (or, in some cases, VOs – as indicated above, the distinction between 
VOs and VRCs) and the VREs that support them.  They are spread across all disciplines, and several have broad multidisciplinary applications.  Their total 
combined value is just under £37 million. 

 
Lead Discipline Project Name Brief Description Lead 

Institution 
Level of 
Funding  
£k 

Start Date Funder/s 

ageing 
(multidisciplinary) 

Biology of 
ageing e-
Science 
integration and 
simulation 
system 
(BASIS) 

Ageing is a complex biological process involving interactions between a 
number of biochemical mechanisms whose effects occur at the 
molecular, cell, tissue and whole organism levels. Rapid progress is 
being made in aspects of the molecular biology and functional 
genomics of ageing but an urgent requirement is now to develop an 
innovative biomathematical and bioinformatics system that will allow the 
integration of data and hypotheses from diverse biological sources. This 
proposal is to establish a biology of ageing e-Science integration and 

Newcastle    £611 Apr 2002 BBSRC,
MRC 
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Lead Discipline Project Name Brief Description Lead 
Institution 

Level of 
Funding  
£k 

Start Date Funder/s 

simulation system (BASIS) that will encourage and support the 
interaction between biological science, bioinformatics, IT, computer 
science, mathematics and statistics in this recognised priority field. 

astronomy 
(multidisciplinary) 

AstroGrid We propose a programme of work to develop a future Virtual 
Observatory infrastructure for the UK that delivers powerful analysis 
facilities, is matched to key facilities and missions, is integrated into the 
European scene, and backs UK data centres in international 
competition. The Virtual Observatory is conceived as a set of standards 
and a software framework that allows creative diversity in publishing 
data services and writing software tools. The current AstroGrid project 
is on track to produce a first working version of this ideal. In addition, we 
will populate the system with selected current UK databases, and 
provide a limited set of user tools. However, there is a clear need for a 
follow-on project − to extend and improve the infrastructure, to take 
advantage of further waves of technology, and to establish UK Data 
Centres as competitors in the new world, especially as we head 
towards competition over servicing key missions such as ALMA, GAIA, 
or JWST. We have designed a broad but structured project to address 
these new priorities. 

Edinburgh  £9,000
(phases 1 
and 2) 

Sep 2001 PPARC 

biodiversity     A problem
solving 
environment 
for global 
biodiversity: 
prototype and 
demonstrator 

The project aims to create a problem-solving environment for 
biodiversity research on the GRID. It will be a prototype, based at 4 
main sites: Reading, Cardiff, National History Museum and 
Southampton and will be used to demonstrate research in a range of 
biodiversity investigations. Key components will be the ability to: locate 
data on taxa, locate and extract data from thematic data sources for 
these taxa and to utilise these data sets for research using existing 
analytical software. The main features of the prototype will be: linkage 
to an existing partial catalogue of life sufficient to demonstrate the 
system, a partial array of linked thematic data sources and a system for 
collating data from the sources and using it in existing biodiversity 
analytical tools. The test system will be trialled on three exemplar 
analyses: biodiversity richness analysis (using Bumblebees and 
Geometrid Moths), bioclimatic modeling and climate change scenarios 
(using Legumes) and phylogenetic and biogeography analyses (using 
Sundews and Legumes). 

Reading £1,119 May 2002 BBSRC
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Lead Discipline Project Name Brief Description Lead 
Institution 

Level of 
Funding  
£k 

Start Date Funder/s 

biology       myGrid: A
Platform for e-
Biology 

The myGrid consortium has (a) successfully pioneered world-class 
research on the Semantic and Data Grid, and (b) developed open 
source high-level service-based middleware to support in silico 
experiments in biology that are in use by biologists and being adopted 
by a wide range of national projects and international partners. We have 
an active and vibrant end user community; have developed core 
infrastructure for routine use; established national partnerships; forged 
extensive links with the international life science community and the e-
Science/Grid community; and created a substantial footprint in the 
community.  The platform grant gives us the essential support to ensure 
that the myGrid platform remains cohesive and coherent, and gives us 
the essential flexibility to connect to other projects, leverage 
developments across the consortium, investigate technical problems, 
react to opportunities and continue our programme of dissemination to 
our user (Life Science) and technical (e-Science/Grid) communities and 
partners. 

Manchester £420 May 2005 EPSRC

biology, molecular A GRID 
Database for 
biomolecular 
simulations 

The overall objective of the project is to draw together and formalise 
relationships within the biomolecular simulation community in order to 
enable optimum use of resources and to facilitate training of students 
and postdocs. The Specific aims within this objective are: To establish a 
formal consortium for biomolecular simulations within the UK, building 
on existing arrangements to increase collaboration and foster collective 
efforts via workshops and via a flag-ship project based on distributed, 
shared data structures. To establish a biomolecular simulation 
database. To exploit the GRID so that the database will exist in a 
distributed form but can be curated and interrogated centrally. To 
develop software tools for interrogation and data-mining across entire 
distributed database. Added value from taking the GRID approach with 
associated metadata facilities comes from enabling data-mining across 
all simulations in the database and facilitating access to simulation 
results by non-experts e.g. in the structural biology and genomics 
communities.  

Oxford   £730 Dec 2002 BBSRC
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Lead Discipline Project Name Brief Description Lead 
Institution 

Level of 
Funding  
£k 

Start Date Funder/s 

cancer   Artificial 
Neural 
Networks 
(ANN) in 
Cancer 
Management      

This consortium involves 2 PIs from 2 Institutions and engages 
clinicians and physicists; it will apply ANN and their associated analysis 
techniques to predict the life expectancy of cancer patients and to 
identify individualised patient management schemes. The outputs 
should be applicable to healthcare more generally (heart disease, 
diabetes, obesity etc). Grid-secure technology will be used to link the 
various sources of patient data to ANN computer frame and vice versa. 
The Manchester physics team has substantial computing and network 
infrastructure to support the research and will use grid technology to 
address security authentication problems. 

Dundee   £200 Apr 2002 MRC

cancer   CancerGRID CancerGRID is a consortium to develop open standards for clinical 
cancer informatics. The Consortium will concentrate on breast cancer 
translational clinical trials, but since all informatics tools will be 
developed using open source, open access, open development and a 
federated structure it is anticipated that solutions will be portable to 
other clinical scenarios. The Goal of our application is to use a modular 
approach to provide solutions for “simple” problems using grid-based 
informatics: 1-Developing a template for e-clinical trials using a 
translational clinical trial already ongoing as a pilot (NeoTANGO); 2-
Linking existing clinical trial data with molecular profiling information 
obtained from paraffin-embedded tumour samples; 3- Linking genetic 
epidemiology data with molecular pathology and clinical outcome data; ; 
and 4-Using GRID-based collaborative tools to run clinical trials.  

Cambridge    £2,354 Jun 2005 MRC

chemistry     PLATFORM:
End-to-End 
pipeline for 
chemical 
information: 
from the 
laboratory to 
literature and 
back again 

 The Comb-e-Chem e-Science project sought to provide an end-to-end 
knowledge pipeline for chemical data and information from laboratory 
creation to literature re-use by bringing the state-of-the-art in Computer 
Science to the workplace of chemistry researchers. The overall aim was 
to show what could be done and to influence thinking in the area.  As a 
result of its work, new ideas and challenges have emerged consistent 
with the original aims.  The interdisciplinary team of computer scientists, 
chemists and statisticians, now strengthened and expanded, seeks the 
support of a Platform Grant to maintain and develop its unique identity 
and to address new ideas and challenges that have emerged within the 
wider area of integrated chemical informatics.  This will allow us the 
flexibility to respond rapidly to new developments in the field, for 
example, with pilot projects to pump prime new funding in the areas 

Southampton £415 Apr 2005 EPSRC
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Lead Discipline Project Name Brief Description Lead 
Institution 

Level of 
Funding  
£k 

Start Date Funder/s 

such as the smart Laboratory, automation of experimental design and 
analysis, and the linking of experimental data with calculations and 
simulations.   

chemistry      Grid Based
Information 
Models to 
Support the 
Rapid 
Innovation of 
High Value 
Added 
Chemicals 
(GOLD) 

This project will build on existing Grid technologies to provide an 
infrastructure capable of supporting full lifecycle processes in extremely 
dynamic Virtual Organisations.  Chemical manufacturers focus on new 
product development as a means of growth, with time to market as the 
key driver. The Virtual Organisations comprising the chemical industry 
are highly dynamic and solutions requiring significant infrastructural 
overhead are impractical. R&D processes spanning the entire lifecycle 
of some chemical product are similarly dynamic and complex.  This 
project provides key Grid middleware components that will allow the 
creation and management of extremely dynamic Virtual Organisations 
comprising the full chemical R&D lifecycle. This will include facilities for: 
Trust Management, Workflow, Information Distribution, Centralised 
Access Control and management facilities. The project has the potential 
to provide a major advance in business decision-making via a step 
change in the way high value chemical products are conceived, 
developed and taken to market. 

Newcastle £2,094 Feb 2004 EPSRC

clinical research / 
trials 

Co-operative 
clinical e-
Science 
framework 
(CLEF) 

This consortium, which comprises 11 PIs from 6 Institutions including 1 
NHS Trust, aims to develop rigorous generic policies, tools and 
methodologies for capturing and managing clinical information in patient 
care (written and stored in many different ways) and for integrating that 
information into clinical healthcare and basic bioscience research. 
Whilst focusing primarily on cancer, the outputs should be applicable to 
other applications.  CLEF is embedded within a network of e-
Science/Grid projects based on the MyGrid architecture and its goal is 
an advanced open-source prototype built on standard middleware.  The 
CLEF team has links with key UK/overseas Cancer Agencies, with EU 
programmes and with industry;  the PIs contribute to numerous 
national/international fora and are training students.    

Manchester £4,203 (pilot
and clinical 
trials follow-
up) 

 Oct 2002 MRC 
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Lead Discipline Project Name Brief Description Lead 
Institution 

Level of 
Funding  
£k 

Start Date Funder/s 

clinical 
research/trials 

Virtual 
Organisations 
for Trials and 
Epidemiologic
al Studies 
(VOTES) 

Building on our previous experience of developing IT systems for all 
phases of large-scale clinical trials and observational studies, we now  
wish to develop a validated Grid-based resource that would provide the 
necessary infrastructure to facilitate clinical research studies.  It is 
intended that this system would be readily accessible to investigators 
both in the UK and internationally, and could be tailored rapidly to meet 
the needs of new studies.  We wish to develop a core Grid 
infrastructure to address three key components of a clinical trial or 
observational study: 1. Recruitment of potentially eligible participants; 2. 
Data collection during the study; 3. Study administration and 
coordination.  Our consortium has the necessary expertise both in 
coordinating large-scale clinical studies and in e-Science to make this is 
an achievable aim.  The project will be directed by a Steering 
Committee, supported by a Security Advisory Board, and by an Ethics 
and Legal Advisory Board.   

Oxford   £2,861 Jan 2005 MRC

data storage / 
management 

Describing the 
Quality of 
Curated E-
Science 
Information 
Resources 

E-Science involves the sharing of experimental results on a global 
scale. Scientists now expect to make use of information produced by 
other labs/projects in validating and interpreting their own results. 
However, many unsolved problems remain in the area of information 
sharing, not least of which are those caused by hidden differences in 
information quality (IQ) between data sources. This project seeks to 
assist scientists and data curators in managing the quality of their 
information. Rather than trying to impose a single approach and set of 
IQ priorities, an alternative is to provide scientists with the means of 
annotating their information with explicit descriptions of its quality in 
terms of locally relevant characteristics. 

Manchester, 
Aberdeen 

£360  Apr-Jul
2004 

EPSRC 

Earth science Grid Enabled 
Integrated 
Earth system 
model 
(GENIE). A 
modular, 
distributed and 
scaleable 
Earth System 
Model for long-

We propose to develop, integrate and deploy a Grid-based system 
which will allow us: (i) to flexibly couple together state-of-the art 
components to form a unified ESM, (ii) to execute the resulting ESM on 
the Grid, (iii) to share the distributed data produced across the 
simulation runs, and (iv) to provide high level open access to the 
system, creating and supporting virtual organisations of Earth System 
modellers. The project will deliver both a flexible Grid-based 
architecture, which will provide substantial long-term benefits to the 
Earth system modelling community (and others who need to combine 
disparate models into a coupled whole), and also new scientific 

Bristol     £1,379 NERC
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Level of 
Funding  
£k 

Start Date Funder/s 

term and 
palaeo-climate 
studies 

understanding from versions of the ESM generated and applied in the 
project.  

Genomics / 
proteomics 

Integration of 
Sequence and 
Structural 
Family Data  

This consortium comprises 6 PIs from 4 institutions.  It aims to develop 
research infrastructure support for protein structure data, to a) integrate 
and co-ordinate 5 existing gene sequencing and structural databases 
(SCOP, CATH, InterPro, MSD, Pfam) and b) solve data distribution and 
warehousing problems to facilitate sharing of Grid-borne data with good 
visualisation for end-users.  The PIs are building a Grid infrastructure 
including data warehouses and high speed networking capability.  The 
team has national/international links (including with the MyGrid project), 
contributes to numerous national/international fora, participates in EU 
programmes and organises 6 mthly progress meetings.   

Sanger 
Institute 

£2,216  Apr 2003 MRC

images     New
technologies, 
new 
applications: 
using Access 
Grid Nodes in 
field research 
and training 

AGNs are devices that enable visual images and audio to be 
exchanged in real time between different computers. Cameras and 
microphones at each site relay images of, and utterances by, 
participants to other AGN sites, with no theoretical limit to the number of 
sites that can be connected. AGNs display large format images to a 
projection screen and provide high fidelity stereo sound, the idea being 
to make AGN communication as much like being co-present as 
possible. Images of computer displays, such as Powerpoint slides and 
software output, can also be displayed alongside the images of people, 
so everyone involved can see a common object of discussion and 
discuss it with participants at other AGN sites. The proposal aims to 
assess the use of AGNs to conduct interviews and group discussions 
with participants at sites remote from the interviewer or discussion 
leader. It also aims to document the nature of AGN-mediated interaction 
and communication, by analysing recordings of fieldwork sessions, 
professional meetings, and software training workshops delivered via 
AGNs to students at other AGN sites.  

Surrey £37 Feb 2005 ESRC
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Lead Discipline Project Name Brief Description Lead 
Institution 

Level of 
Funding  
£k 

Start Date Funder/s 

multidisciplinary      MYGRID:
Directly 
Supporting the 
E-Scientist 

MyGrid will design, develop and demonstrate higher level functionalities 
over an existing Grid infrastructure that support scientists in making use 
of complex distributed resources. The project will develop an e-
Scientist's workbench that supports: (I) the scientific process of 
experimental investigation, evidence accumulation and result 
assimilation; (ii) the scientist's use of the community's information; and 
(iii) scientific collaboration, allowing dynamic groupings to tackle 
emergent research problems. The workbench will support individual 
scientists by providing personalisation facilities relating to resource 
selection, data management and process enactment. The design and 
development activity will be informed by and evaluated using problems 
in bioinformatics, which is characterised by a highly distributed 
community, with many shared tools resources. MyGrid will develop two 
application environments, one that supports individual scientists in the 
analysis of functional genomic data, and another that supports the 
annotation of a pattern database. 

Manchester £3,483 Oct 2001 EPSRC

neurology NeuroGRID Advances in neuroimaging have already led to breakthroughs in the 
clinical management of neurological disorders and current 
developments hold comparable promise for neuropsychiatric disorders. 
e-Science and Grid technologies can help overcome these problems by 
the integration of image acquisition, storage and analysis, and by 
enhancing collaborative working within and between sites. The 
NeuroGrid consortium will enhance collaboration between clinical, 
imaging and e-scientists to create a grid-based network of 
neuroimaging centres and a neuroimaging tool-kit. Sharing data, 
experience and expertise will facilitate the archiving, curation, retrieval 
and analysis of imaging data from multiple sites and enable large-scale 
clinical studies.  

Oxford   £2,339 Mar 2005 MRC
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Lead Discipline Project Name Brief Description Lead 
Institution 

Level of 
Funding  
£k 

Start Date Funder/s 

occupational 
research 

Grid enabled 
Occupational 
Data 
Environment  

A Grid enabled internet portal will be explored in order to facilitate the 
processing of occupational data from social survey and related outputs. 
The portal will utilise a number of features which are uniquely enhanced 
by e-Social Science (ESS) technologies. Its prospective features will 
include the generation and provision of automated data confrontation 
and management programs which allow lay users to understand and 
link their ‘raw’ data with a variety of sociological occupational 
classification schemes; the development of a virtual network acting as 
an international ‘depository’ of occupational information; and the 
exploration of operations which may facilitate the further computation of 
occupationally based social classification schemes for new versions of 
international occupational data. The portal will utilise the array of 
existing occupational classification resources developed for over 20 
countries under the ‘CAMSIS’ (Cambridge Social Interaction and 
Stratification Scales’) project, and contribute to the continued 
development of these resources. 

Stirling   £46 Jul 2005 ESRC

policy/planning Hydra I Grid 
Based Spatial 
Planning 
Services 

When faced with difficult decisions, planners are hampered in the 
search for effective solutions by the absence or fragmentation of 
appropriate evidence ( or 'data' relating to the decision and by the lack 
of analytical tools ny which to interpret this evidence.  This is equally 
true for multi-national corporations, local traders, and public sector 
organisations.  This project seeks to present decision-makers 
('planners') with grid-based tools to tackle such problems.  The key 
objectives of the project are: (i) to deliver a software demonstrator on 
the White Rose Grid which can solve spatial planning problems relating 
to retailing, housing, transportation, and land-use under a variety of 
demographic and economic scenarios; (ii) to integrate data from a 
variety of sources and physical locations within the software 
architecture; (iii) to provide a variety of spatial analysis functions, 
including forecasting, dynamic modeling and location optimisation. 

Leeds   £64 Dec 2003 ESRC
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Lead Discipline Project Name Brief Description Lead 
Institution 

Level of 
Funding  
£k 

Start Date Funder/s 

psychiatry      PsyGRID: e-
Science to 
Facilitate 
Clinical Trials 
and 
Longitudinal 
Studies in First 
Episode 
Psychosis 

Severe mental illness (psychosis) is a major public health challenge. 
Current health policy has a focus on early intervention in the first 
episode of psychosis as a way of improving outcomes. The evidence for 
which interventions are best is patchy. Improving this evidence base is 
a core rationale for the newly formed Mental Health Research Network 
(MHRN www.mhrn.info) of the National Institute of Mental Health 
England. The twin aims of this proposal are:- 1) to establish an e-
Science framework and functioning e-community which integrates 
academic and NHS partners in MHRN, so as to enhance research and 
development capability in routine mental health service settings; 2) to 
set up an information system to ascertain and characterise a large, 
representative cohort of individuals with first episode psychosis to 
enable hypothesis-driven epidemiological and intervention research, 
particularly into predicting and preventing adverse outcomes. PsyGrid 
will provide a flexible e-Science/Grid infrastructure deployed over 
NHSnet using existing governance arrangements for handling clinical 
data.  We will leverage as much existing e-Science software 
development as possible, working closely with our e-Science Centres 
and our industrial partner (Microsoft). The PsyGrid e-Science platform 
will inform, launch and facilitate future externally-funded, hypothesis-
driven research in four priority areas in this field: longitudinal studies of 
risk and protective factors for long-term outcomes, including aetiological 
inquiry; clinical trials in early psychosis; biological studies of the nature 
of clinical progression; and new methodologies for evidence-based 
service developments.   

Manchester £2,126 Mar 2005 MRC

social sciences, 
multidisciplinary 

Collaborative 
E-Science for 
Spatial 
Decision-
Making in 
Distributed 
Environments  

This project aims to be the first e-Science initiative on developing and 
testing a distributed computational infrastructure for supporting spatial 
decision making within an international natural resource management 
context. The research will be carried out through the production and 
presentation of a problem based course and will use distinctive social 
science methodologies for investigating the evolution and impact of the 
project. The research method is based on Soft Systems approaches for 
information systems development, regarded as one of the few more 
effective approaches to emphasise the social component of information 
systems development. The project will deliver enhanced grid-based 
open source software tools, open source e-Science capacity building 

Open 
University 

£44  Jul 2005 ESRC
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Lead Discipline Project Name Brief Description Lead 
Institution 

Level of 
Funding  
£k 

Start Date Funder/s 

resources, a human-centred understanding of the application of e-
Science tools, and will undertake a range of dissemination activities 
aimed at supporting ESRC’s eSocial Science strategy. 

virtual 
organisation 

Trusted 
Coordination 
in Dynamic 
Virtual 
Organisations 

An inter-organisational business relationship is commonly referred to as 
a virtual organisation (VO). A VO however, blurs the distinction between 
'outsiders ' and 'insiders' and yet, organisations forming a VO will want 
to preserve their individual autonomy and privacy. A central problem in 
VO management is how organisations can regulate access to their 
resources by other organisations in a way that ensures that their 
individual policies for information sharing are honoured. There is an 
additional complexity as the organisations might not trust each other. 
New forms of infrastructure support is required that will be capable of 
supporting interactions in a (potentially) hostile environment: 
interactions between mutually distrusting organisations over open 
networks. Given these observations, development of infrastructure 
support for inter-organisation interactions pose very interesting research 
problems. The project will develop tools and techniques to enable VOs 
to be formed and managed in a trustworthy manner. 

Newcastle    £360 Oct 2003 EPSRC

virtual 
organisation 

Virtual 
Organisations 
for e-Science 

Virtual organisations (VOs) - temporary alliances of distinct 
stakeholders that come together to deliver fulfill a particular niche - are 
central to the vision e-Science. They provide the means to rapidly 
assemble services to meet a particular need, and they provide the basis 
for flexible ongoing collaboration in dynamic communities. However, to 
date, there are no techniques that can automatically support the entire 
end-to-end VO lifecycle (from creation, through operation, to 
dissolution). To this end, this proposal will undertake the fundamental 
computer science research that is necessary to rectify this situation. In 
particular, we adopt a service-oriented view in which software agents 
interact in a computational economy. Specifically, we will develop 
techniques to specify and reason about services and their composition 
effects, use advanced auction techniques (combinatorial auctions) to 
construct and re-construct optimal VOs, and dynamic coalition 
formation techniques from game theory to manage the VO's operation. 
These techniques will be integrated together in o Vfl demonstrator in the 
domain of e-Science. 

Liverpool, 
Southampton 

£517  Mar 2004 EPSRC
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B3  Current Activities in the Arts and Humanities 
 
Part of the AHRC ICT Programme for the Arts and Humanities, the ICT Strategy Projects fall into two types: knowledge gathering to inform the AHRC's 
fundamental review of ICT; and resource development to produce tools and ICT resources of broad relevance. A number of projects are relevant to the 
construction of e-Infrastructure for virtual research communities and relate to e.g. scoping appropriate e-Science developments; community portals; 
requirements gathering; tools for shared working with 3D and audio-visual materials; and electronic publishing of integrated research data and outputs. 
 
The following are nine VRC-related activities within the arts and humanities, funded by the AHRC, EPSRC and JISC. The results from these projects will feed 
into AHRCs fundamental review of ICT strategy and help build capacity within the arts and humanities. 
 
 
Project Name Brief Description  Level of 

Funding 
£k 

Maturity 

AHRC: Scoping e-Science and 
e-social science developments 
and their value to the arts and 
humanities  

Aims to identify, collate and analyse information on e-Science projects and outputs; matching 
these against methods and challenges in the arts and humanities; use this information to create 
a knowledge base for consultation by arts and humanities scholars. 

£100 First year of 
operation 

AHRC: RePAH: Research in 
Portals in the Arts and 
Humanities  

Project aims to examine current information search/access strategies and patterns and then 
develop demonstrators to investigate future user requirements for advanced information services 
that will serve to facilitate greater take up and use of these resources.  

£100 First year of 
operation 

AHRC: Gathering Evidence: 
Current ICT Use and Future 
Needs for Arts and Humanities 
Research  

Project is developing a survey and a small number of in-depth case studies to identify how 
scholars in arts and humanities departments in UK higher education currently use ICT in their 
research.  

£100 First year of 
operation 

AHRC: ICT Tools for Searching, 
Annotation and Analysis of 
Audio-Visual Media  

Project is surveying technologies under development for searching audio and visual media 
streams, automatic annotation, and related analysis tools. It is examining how they can be put to 
scholarly uses, and their likely impacts.  
 

£100 First year of 
operation 
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Project Name Brief Description  Level of 
Funding 
£k 

Maturity 

AHRC: Making space: a 
methodology for tracking and 
documenting a Cognitive 
Process in 3-dimensional 
Visualisation-based Research  

Project is reflecting on and analysing how in individual projects date is gathered and evaluated 
when creating and contextualising models and their functionalities. The project is developing the 
tools that will enable these experiences and analyses to be documented and then extended to 
provide the transparency necessary for 3D to be more widely used as a research methodology in 
a range of arts-based subject areas. 
 

£100 First year of 
operation 

AHRC: Making the LEAP: 
Linking E-Archives and E-
Publications  

Project is investigating novel ways in which electronic publication over the Internet can provide 
broad access to research findings in the arts and humanities, and can also make underlying data 
available in such a way so that readers are enabled to 'drill down' seamlessly into online archives 
to test interpretations and develop their own conclusions.  

£100 First year of 
operation 

AHRC: Research Workshops for 
e-Science in the arts and 
humanities  

The Research Networks and Workshops scheme is designed to encourage and enable the 
discussion and development of ideas by researchers across and between disciplines, either 
through establishing new research networks or by running a series of workshops, seminars or 
similar events.  

£100  Programme
considering 
submissions. 

JISC Arts and Humanities e-
Science Support Centre  

Provides advisory and training activities in support of e-Science in the Arts and Humanities  £100 Established 
Winter 2005 

EPSRC: e-Science 
Demonstrator Projects in the 
Arts & Humanities  

Small number of projects to demonstrate the possibilities of e-Science technologies for the arts 
and humanities. 

£100  Programme
considering 
submissions. 
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Annex C 
 
International Research on Virtual Research Communities 
 
C1  USA 
 
The term ‘Collaboratory’ is used commonly in the USA to denote virtual research 
environments and communities. A simple search on ‘collaboratory’ in Google identifies 
several tens of examples, ranging from high end science to attempts to engage K-12 students 
in softer research. 
 
The term has been in use since the mid 1990s and has been the subject of several significant 
funding opportunities by several major agencies, including the National Science Foundation 
(NSF), National Institute of Health (NIH) via their National Centre for Research Resource 
(NCRR), and the Department of Energy (DOE). No information on US Department of Defence 
research activities is available on the web. 
 
All the collaboratories are discipline based and have concentrated on: 
 
Access to distributed computing and data resources 
Discipline specific analysis tools 
Shared workspace (eg virtual whiteboards) 
Communications for collaboration 

 
The collaboratories have had mixed success, reflecting the natural tendencies of scientists in 
those disciplines to collaborate, or not. One of the most famous and most cited is Space, 
Physics and Aeronomy Research Collaboratory (SPARC). See 
http://www.si.umich.edu/sparc/collaboratory.htm
 
There has been little activity in the USA to link these separate research areas together nor to 
synthesise the results across different disciplines. Only the DOE has funded any work on 
interoperability, the DOE2000 Collaboratory Interoperability Framework (http://www-
fp.mcs.anl.gov/cif), where four of their national laboratories are working together to create a 
common software infrastructure to promote inter-working, reduce duplication and enhance 
interoperability. 
 
The results of early experiences with all these collaboratory projects has identified the 
following issues (see http://www.nsf.gov/statistics/seind02/c8/c8s3.htm): 
 

• Collaboratories do not replace the richness of face to face interaction and 
generate concerns about trust, motivation, data access, ownership and attribution 
of input and results 

• There are major challenges in supporting complex work in virtual settings; most 
existing work has been carried out in relatively simple scenarios to allow the 
researchers to concentrate on making things work. Scaling up to big inter-
disciplinary research will create new problems to overcome. 

• Collaboratories appear to help graduate students and ‘casual’ researchers the 
most, since they can get access to resources otherwise unavailable. By contrast, 
outside involvement by junior or non-professional participants in collaboratories 
can prove a distraction to top researchers 

 
There is now a recognition that the new tools will not be exploited to the full unless the 
broader research community is educated in their use The NSF Cyberinfrastructure Office has 
recently launched the CI-TEAM programme, 11 projects of around $250,000 each, to promote 
the education and training of a new cyberinfrastructure workforce. 
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PRAGMA (Pacific Rim Application and Grid Middleware Assembly) is a project led by the 
University of San Diego and the San Diego Supercomputer Centre, a grass roots grid 
promoting collaborative e-Science teams among a set of Pacific Rim institutions.  
 
It is difficult to estimate the total research expenditure in this area in the USA to date but the 
number of government agencies involved, the number of collaboratories in existence and the 
recognised importance of the work to overall US research and development suggests that it 
must be in the region of $100m. 
 
As is usually the case in the USA, there is little attempt to bring together, synthesise and 
promulgate the experiences and products from the different research projects. Most of the 
spread of the expertise into the wider research community is through engagement in the 
various programmes. 
 
C2  Canada 
 
The largest program areas of relevance to the VRC Working Group come under the NRC 
(National Research Council of Canada) and CANARIE, both of whom are key funders of 
research in Canada. They are funding research in human factors associated with the Web, 
networks, high performance computing and Security and Privacy. 
 
Other organisations are also pursuing programs funded through various government, industry 
or collaborative partnerships. These include the Canadian Institutes of Health Research and 
the Canadian Ministry of Industry, who are funding the Network for Effective Collaboration 
Technologies through Advanced Research (NECTAR) which is a new science and 
engineering network that will develop technologies to make virtual collaboration at a distance 
as productive and effective as face-to-face. 
 
There is also a new $1.7m research programme in Collaborative Virtual Environments; its 
main objective is for the University of Alberta to develop one of the top facilities in the world 
for creating and improving collaborative virtual environments. 
 
Canada is heavily involved in international partnership activities, particularly with the US and 
Europe, with more than 35% of collaborative research with the EU including more than 70 
projects in FP6. There is thus a strong driver in the country for developing VRCs. 
 
C3  Australia 
 
Australia has a major problem with distance, both within the country and with its major trading 
and research partners. It has therefore adopted a very strong e-Science and e-Research 
programme for infrastructure, software and coordination, taking a mix of the UK e-Science 
agenda and the USA cyber-infrastructure approach. An extensive government (interim) report 
from the e-Research Coordination Group is available from the Australian Department of 
Education, Science and Training (http://www.dest.gov.au/) and direct link to the report pdf 
available is at 
http://www.dest.gov.au/sectors/research_sector/policies_issues_reviews/key_issues/e_resear
ch_consult/interim_report.htm.  

 
Currently a wide range of collaborative projects are supported including: 
 

• Collections Australian Network (CAN) linking Australian museums and galleries 
• InterRett  (Rare and debilitating Diseases) part of a global approach to studies in 

this area 
• GrangeNet Access Grid 
• Census of Marine Life (CoML) (Global reach for a key Australian concern) 
• Centre for Computational Molecular Science (to supply and use computational 

demand) 
• Australian Virtual Observatory 
• High Energy Physics (Australia – Japan collaboration) 
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• Paradisec (Capture endangered languages and culture of the South Pacific) 
• Sydney TimeMap (Humanities) 
• Securities Industry Research Centre of Asia-Pacific (SIRCA) 
• The National Court of the Future Project  

 
The future strategy highlights the following areas for further development: 

 
• Develop human capabilities  
• Better access to data  
• Linking e-Research resources  
• Implementing structural and cultural change  
• Raising awareness and support  
• Providing a focus  
• Increase collaboration  

 
C4  Finland 
 
Finland is amongst the top R&D investors per capita and the volume of ICT-related science 
and research has been increasing considerably in the last few years. To support science and 
research the Finish the Ministry of Education has formed an IT Centre for Science, which is a 
central body. 
   
CSC is the Finnish information technology centre for science. CSC is a non-profit organisation 
owned by the Ministry of Education. CSC runs a national large-scale facility for computational 
science and supports the university and research community. CSC is also responsible for the 
operations of the Finnish University and Research Network (Funet). 
 
CSC offers over 200 scientific software programs and 60 scientific databases to support 
researchers. These are however mainly computational tools rather than collaboration and 
communication ones. Examples include tools in the fields of chemistry, biosciences, 
geosciences, physics, statistics, computational fluid dynamics, structural analysis, 
mathematics and scientific visualisation. 
 
CSC also provides The Scientist's interface which is an extranet web service, making many 
special scientific applications available through an easy-to-use web user interface. These 
applications are also predominantly subject-specific and focus on the fields of biosciences, 
physics and chemistry, linguistics and drug design.  
 
Although many services for researchers are provided centrally, there are currently no 
collaborative facilities available. 
 
C5  Germany 
 
Again, in Germany, there is no coordinated move towards Virtual Research Communities or 
environments. Although it is more difficult to identify relevant projects, because the web sites 
are rarely in English, there are a number of scattered collaboratory projects in several 
German universities, usually with EU funding. 
 
The Deutsche Forschungs Gemeinschaft (DfG) has four separate projects involving virtual 
research environments. Interestingly, two of these are investigating the use of Wikkis as 
vehicles for building and sharing a corpus of useful resources amongst collaborating 
researchers. 
 
C6  Netherlands 
 
In the Netherlands, trawls of the two organisations that are the equivalent of the UK research 
councils (KNAW – Royal Dutch Academy of Science – and the NWO – Dutch Institute for 
Scientific Research) reveal little activity in virtual research collaboration. There are some 
projects looking at the tools that researchers may use in such environments – authentication, 

Page: 35 



VRC Final Report, 31st March 2006 

visualisation, video / moving image delivery – and a few, isolated discipline-specific 
collaborations. 
 
The main driver for research in this area is the National Research and Education Network 
provider, SURFNet. They run a programme, known as Gigaport, which aims to exploit the 
availability of high speed national and international networks to promote Dutch research 
generally. They have a single collaboratory project (www.collaboratory.nl) that is exploring 
generic issues related to collaborative working between researchers. 
 
There is no overall policy or programme in the Netherlands to advance this area. 
 
C7  Elsewhere 
 
Many other countries around the world are engaged in developing Grid capacity including: 

 
• South Africa: High performance initiative for African Development 
• Japan: Cyber Science Infrastructure (CSI) is a framework in which Japanese 

universities and research institutions are constructing an environment to boost 
collaborative research, although there are no specific VRC related activities yet. 

• India: the GARUDA initiative has not yet looked at VRC issues but is active in 
allowing researchers to work together on a number of complex science and 
engineering applications 

• Brazil: cyberinfrastructure is being developed to facilitate the large number of 
international collaborative projects currently taking place; activities have focused 
on the provision of HPC to date.  
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Annex D 
 
Current Collaborative Tools 
 
 
There are very few collaborative tools that have been developed specifically for the emerging 
breed of research communities and certainly none of the mainstream administrative 
applications systems e.g. SAP or Oracle, appear to looking to develop into this area at the 
moment.  A definite need is emerging and, as ever, these needs can differ according to 
discipline. Some tools that are currently being used in the corporate world are being adapted 
for research purposes and many higher education institutions are creating staff portals which 
cater for the needs of researchers. The following list, which is not exhaustive, attempts to 
categorize the tools that are available or in development. Space constraints make it difficult to 
include a much detail about individual tools or services but wherever possible links to further 
information has been included. 
 
D1 Portals 
 
Gartner defines higher education portals as ‘enterprise portals integrated with administrative, 
academic and other applications of interest to students, faculty and staff’. They place them 
high up on the ‘slope of enlightenment’ in their 2005 HE hype cycle because, although 
budgetary constraints have slowed down adoption, they are emerging as key institutional 
interfaces for online resources and applications.  
 
Many universities have started to develop portals, usually starting with a student portal and 
then moving onto other stakeholder groups, e.g. prospective students, staff, alumni. These 
can use portal software e.g. Luminis or can utilise the portal features of other enterprise 
software e.g. Oracle or WebCTl. Open source portals are in development e.g. uPortal 
(http://www.uportal.org/). Other organizations e.g. Research Councils are developing their 
own portals (e.g. ESRC Society Today, http://www.esrcsocietytoday.ac.uk/).  
  
There are currently two institutional research portal projects being piloted under the JISC VRE 
programme. ELVI (Evaluation of a large VRE implementation) at Nottingham University 
http://www.nottingham.ac.uk/research-systems, and EVIE (Embedding a VRE in an 
Institutional Environment) at Leeds University http://leeds.ac.uk/evie
 
A typical research portal would involve effort from staff across the university and might 
provide seamless access to: 

• MyResearch profile;  
• Data warehouses that deliver business intelligence on research applications, 

awards and income;  
• Costing tools e.g. SiriusWeb;  
• Research publication databases and research expertise systems; 
• Peer review tools; 
• Library catalogues, bibliographic research resources and digital repositories e.g. 

Google Earth Pro; 
• Access to shared facilities on the GRID e.g. the e-DIAMOND project and to 

primary research data and metadata associated with the e-science projects 
• Individual portals provided by Research Councils, government departments, etc.; 
• Chat/discussion boards; 
• Project management tools; 
• Desktop video conferencing; 
• Calendaring and meeting management; 
• RSS feeds; 
• Blogs wikis; 
• In the UK the RAE tool and the RCUK Je-S online application process. 
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Examples of other useful portals are:   
 

• EU Safe Harbor Privacy Framework http://www.export.gov/safeharbor/Web 
research tools Virtual Salt http://www.virtualsalt.com/; 

• RDN/Intute: MyIntute system (in progress) http://www.rdn.ac.uk/. 
 
D2 Meeting/introductory services 
 
There are very few bespoke introductory/expert systems for researchers. The most well 
developed for research is Academici http://www.academici.com/ and this is aimed specifically 
at the research community and has the potential to become a powerful system. A more 
targeted service is the Community of Science which contains over 500,000 researchers’ 
profiles form 1600 institutions worldwide http://www.cos.com. Some Research Councils have 
useful options on their websites e.g. the ESRC has a ‘find a researcher options’ URL and 
Intute (formerly the RDN SOSIG service) has a ‘like minds’ options in its Grapevine section 
http://sosig.ac.uk  
 
Other services which could be useful to find research partners are business to business 
services: 

• iKarma http://www.ikarma.com/; 
• Open BC https://www.openbc.com/; 
• LinkedIn https://www.linkedin.com/. 

 
D3  Meetings set up  
 
Collaboration brings with it the need to set up meetings, often of quite large, disparate groups, 
and this can be a time-consuming operation.  Again, a number of tools emerging in the 
corporate world could be investigated.  Adding on meeting tools to ease the use of the Access 
Grid is also being explored. 
 

• Meetomatic http://www.meetomatic.com/about.asp; 
• Office management http://www.tommie.co.uk/about/index.html; 
• Online meeting schedulers e.g. Meeting Wizard; 
• MeetWithApproval http://meetwithapproval.com/; 
• Memetic (Meeting Memory Technology Informing Collaboration) is looking to 

extend the functionality of the access GRID with advanced meeting support and 
information management tools http://www.memetic-vre.net. 

 
D4  Blogs and wikis 

 
The use of blogs and wikis has increased exponentially over the last two years and have 
many different users see, http.//www.globeofblogs.com.  They are being taken up by 
researchers, often as a result of forming communities of practice  (e.g. the Digital medievalist 
service has a wiki http://www.digitalmedievalist.org. The wiki is particularly useful as it is a 
type of website that allows users to add and edit content and is especially suited to 
collaborative writing.  

 
• Blogging e.g. http://www.blogger.com/start, http://www.blog.com/; 
• Wiki, e.g. http://wiki.org/. The SAKAI VRE for Educational Research project is 

developing a blogging tool for integration with the Sakai collaboration and 
learning environment.  

  
D5 Project Management Tools 
 
There are a number of project management tools that are used extensively in higher 
education but they are not always suited to all disciplines and they are not easy to use in a 
collaborative way across the web.  
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• SiriusWeb http://www.siriusweb.leeds.ac.uk/; 
• Microsoft Project; 
• Lotus Notes; 
• Prince http://www.prince2.com/. 
 

Web-based tools: 
• Project Place a web-based http://www.projectplace.com; 
• Basecamp http://www.basecamphq.com/; 
• eProject http://www.eproject.com/; 
• SiriusWeb a staff costing tool developed at Leeds University 

http://www.siriusweb.ac.uk; 
• Lotus QuickPlace http://www-142.ibm.com/software/sw-

lotus/products/product3.nsf/wdocs/ltwhome. 
 
D6 Sharing documents/version control  

 
These tools are essential for collaborative work but are more useful if they operate across the 
web. 

• Microsoft SharePoint is increasing in popularity but there can be interoperability 
problems.  

 
The following are web based 

• Writely (shared documents and change in real time) http://www2.writely.com/; 
• Zoho Writer http://www.zohowriter.com/Home.do; 
• Writeboard http://www.writeboard.com/. 

 
D7 Chat/video conferencing 
 
Chat/discussion boards and video conferencing, whether it is online, audio or video, supports 
collaborative work and can save researchers a lot of and money. It facilitates one-to-one 
direct communication, small groups of collocated teams – i.e.  team1 – team2 – team3 all 
interacting and large groups of individuals and teams, all able to interact with each other 
equally. 
 

• Data-based conferencing - via shared workspace such as a ‘whiteboard’ or PC 
desktop.   

 - NetMeeting (Windows) whiteboard (T.120 standard); 
- The SAKAI VRE demonstrator project is developing a shared whiteboard 
tool; 

 - Commercial examples can be found at http://www.web-conferencing-
zone.com. 

• Voice-only  
- Telephone discussion – IP or POTS (plain old telephone system); 
- Audio conferencing – audio-only ‘videoconference’ connection  

 (PC or department); 
  - SAKAI audio tool using VoIP. 

• Video conferencing – PC (or other hardware) based integrated systems. 
 - NetMeeting (Windows H.323 and T.120 client implementations); 

 - iChat (not H.323); 
 - XMeeting & ohphonex (Macintosh H.323 clients); 
 - openH323 & others (Linux H.323 client); 
 - SOKAI. 
• “Access Grid” – integrated high resolution audio & videoconferencing 

incorporating shared workspaces and applications, e.g. 
 - Access Grid Toolkit – open source (free);  
 - inSORS Grid 2 commercial system. 
• Internet forum – including discussion boards and message boards to exchange 

ideas and pose questions, e.g. 
 - MinDat Mineralogy discussion forum & others 
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• “Chat rooms” & Instant messaging – real time communication medium, e.g. 
 - Yahoo ‘science’ chat room; 
 - Messenger, AOL, Yahoo and ICQ instant messaging; 
 - Jabber – implementation of XMPP IETF's Extensible Messaging and 

Presence Protocol; 
 - IRC/uIRC e.g.  
  http://www.mirc.com/; 
  http://www.irc.org/; 
  http://www.irc.cohtttp://www/uirc.net; 
  http://groups.google.com. 
 - The SAKAI VRE for educational research project is also developing these 

kinds of tools including and audio tool using VoI. 
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Annex F 
 
Glossary of terms 
 
Term Definition 
Academici A global networking service linking academics, academic-related 

associations, societies, academic services, students and academic-
related business. The service is based on searchable profiles of 
researchers and provides the ability to set up closed or open networks 
with others. 

Access Grid The Access Grid® is an ensemble of resources including multimedia 
large-format displays, presentation and interactive environments, and 
interfaces to Grid middleware and to visualisation environments. 

These resources are used to support group-to-group interactions across 
the Grid such as: large-scale distributed meetings, collaborative work 
sessions, seminars, lectures, tutorials, and training. The Access Grid 
thus differs from desktop-to-desktop tools that focus on individual 
communication. 

AHRC Arts and Humanities Research Council  

Asynchronous 
collaboration 

A collaboration between partners that takes place within independent 
time spaces. 

Authentication The process of determining whether someone or something is, in fact, 
who or what it claim to be. 

Authorisation The process of determining what types of activities or access are 
permitted for a given identity. Usually used in the context of 
authentication: once you have authenticated a user, they may be 
authorised to have access to a specific service. 

BBSRC Biotechnical and Biological Sciences Research Council 

Blog A weblog (usually shortened to blog) is a web-based publication 
consisting primarily of periodic articles (normally in reverse 
chronological order). 

CAN Collections Australian Network (Australian collaborative project) 

CANARIE CANARIE Inc. - Canada's advanced Internet development organisation 
- is a not-for-profit corporation supported by its members, project 
partners and the Federal Government. 

chat rooms A chat room is an online forum where people can ‘chat’ online (talk by 
broadcasting messages to people on the same forum in real time). 

CI-TEAM NSF cross-cutting research programme - Cyberinfrastructure Training, 
Education, Advancement, and Mentoring for Our 21st Century 
Workforce (CI-TEAM) 

Collaborate a working relationship involving critical individual responsibility and 
group responsibility with collaborators adding to the value of work of 
others 

Collaboratory An amalgamation of Collaboration and Laboratory, conveying the 
concept of a collective research organisation where a high value and 
focus is placed on the sharing of effort and findings such that the quality 
and progress of the research is highly optimised and relevant, and every 
member of the research organisation receives benefits greater than 
their actual investment.  
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CoML Census of Marine Life (Australian collaborative project) 

CSC Finnish Information Technology centre for science 

CSI Japan's Cyber Science Infrastructure - the next generation academic 
information environment, coordinated by the National Institute of 
Informatics in collaboration with Japanese universities and academic 
institutions 

CVE Collaborative Virtual Environment 

Cyberinfrastructure The (US) term describes the new research environments that support 
advanced data acquisition, data storage, data management, data 
integration, data mining, data visualisation and other computing and 
information processing services over the Internet. In scientific usage, 
Cyberinfrastructure is a technological solution to the problem of 
efficiently connecting data, computers, and people with the goal of 
enabling derivation of novel scientific theories and knowledge 

DfG Deutsche Forschungs Gemeinschaft - German Research Foundation 

DIAMOND project DIAMOND, the new UK synchrotron light source which is being built at 
Rutherford Appleton Laboratory near Oxford 

DOE  US Department of Energy 

e-Infrastructure The term refers to a spectrum of developments that will underpin 
research and learning in the future.  It embraces networks, grids, data 
centres and collaborative environments and includes the supporting 
operations centres, certificate authorities, training and help-desk 
services.  

ELVI Evaluation of a large VRE implementation – JISC VRE Programme 

EPSRC Engineering and Physical Sciences Research Council 

e-Research This is a broader category than e-Science which encompasses e-
Science and also the development of e-Infrastructure necessary to meet 
the requirements of global collaboration within the social sciences, arts 
and humanities. 

e-Science Refers to the large scale science that will increasingly be carried out 
through distributed global collaborations enabled by the Internet. 
Typically, a feature of such collaborative scientific enterprises is that 
they will require access to very large data collections, very large scale 
computing resources and high performance visualisation back to the 
individual user scientists. 

ESRC Economic and Social Research Council 

GRID Grid computing (or the use of a computational grid) is applying the 
resources of many computers in a network to a single problem at the 
same time - usually to a scientific or technical problem that requires a 
great number of computer processing cycles or access to large amounts 
of data. 

HEFCE Higher Education Funding Council for England 

ICT Information and Communication Technology - used to describe a range 
of technologies for gathering, storing, retrieving, processing, analysing 
and transmitting information 

Identity (federated) The process of a user's authentication across multiple IT systems or 
even organisations 

Instant messaging 
 

A form of electronic communication which involves immediate 
correspondence between two or more users who are all online 
simultaneously 
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Jabber An open, XML-based protocol for instant messaging and presence. 

JISC Joint Information Systems Committee 

KNAW Koninklijke Nederlandse Akademie van Wetenschappen – Dutch Royal 
Academy of Arts and Sciences  

MRC Medical research Council 

Multidisciplinary 
research 

Research that incorporates scientists or studies from a number of 
disciplines 

NECTAR Network for Effective Collaboration Technologies through Advanced 
Research (Canada) 

NERC Natural Environment Research Council 

NIH US National Institute of Health 

NRC  National Research Council of Canada 

NSF  US National Science Foundation 

NWO Nederlandse Organisatie voor Wetenschappelijk Onderzoek - 
Netherlands Organisation for Scientific Research 

OST Office of Science and Technology 

PPARC Particle Physics and Astronomy Research Council 

PRAGMA Pacific Rim Application and Grid Middleware Assembly (Australia) 

RSS RDF Site Summary, or Rich Site Summary, or Really Simple 
Syndication – A lightweight XML format for distributing news headlines 
and other content on the Web. 

SAKAI The Sakai Project is a community source software development effort to 
design, build and deploy a new Collaboration and Learning Environment 
(CLE) for higher education 

SAML Security Assertion Markup Language is an XML standard for 
exchanging authentication and authorisation data between security 
domains 

Shibboleth Shibboleth is an Internet2 Middleware Initiative project that has created 
an architecture and open-source implementation for federated identity-
based authentication and authorisation infrastructure based on Security 
Assertion Markup Language (SAML). Federated identity allows for 
information about users in one security domain to be provided to other 
organisations in a common federation. 

SIRCA Securities Industry Research Centre of Asia-Pacific (Australian 
collaborative project) 

SPARC Space, Physics and Aeronomy Research Collaboratory 

Synchronous 
collaboration 

A real-time collaboration between partners e.g. video-conference. 

VO Virtual Organisation  - A temporary network of companies, suppliers, 
customers, or employees, linked by information and communications 
technologies, with the purpose of delivering a service or product. 

VRC Virtual Research Community 

VRE Virtual Research Environment 

Wiki A website or similar online resource which allows users to add and edit 
content collectively.  “Wiki wiki” means "rapidly" in the Hawaiian 
language. 
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e-Infrastructure for research in the next 10 years 

Preface 
 

In July 2004 the Treasury, Department of Trade and Industry (DTI) and the 
Department for Education and Skills (DfES) published the “Science and 
Innovation Investment Framework 2004-014”, which set out the government’s 
ambitions for UK science and innovation over that period, in particular their 
contribution to economic growth and public services.  

A section of the Framework addressed the need for an e-infrastructure for 
research. It proposed an Office for Science and Innovation (OSI) lead a steering 
group to focus discussion and assess requirements for its development.  

To implement this recommendation, the OSI steering group was formed and 
commissioned a study to help inform the process of achieving the objectives set 
out in the Framework document. The study was tasked with establishing a high-
level “road map” of the current provision of the UK’s “e-Infrastructure” to support 
research, and in doing so help define the development this infrastructure.  

The steering group subsequently formed six working groups to develop this road 
map of the e-Infrastructure in greater detail in specific areas. These working 
groups were tasked with producing the following reports: 
 

1. Information creation and data creation 
2. Preservation and curation 
3. Search and navigation 
4. Virtual research communities 
5. Networks, compute power and storage systems 
6. Middleware, AAA (authentication, authorization, accounting) and digital 

rights management 
 
The individual reports are intended to represent the informed opinion of the 
working groups and their contributors and to guide discussion and future 
development of the e-infrastructure. The working groups have worked closely 
together. Although each report is free-standing, a synthesis of all the reports and 
major issues has also been produced which will provide a framework for any 
potential departmental bids in the next Comprehensive Spending Review in 2007 
and for future planning and development of the e-infrastructure for research.  
 
Prue Backway 
Office for Science and Innovation 
Department of Trade and Industry 
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e-Infrastructure for research in the next 10 years 

Executive Summary 
This report brings together the work and recommendations of the Networking, 
Computing Capacity and Data Storage Systems sub-groups formed by the DTI 
steering group to address the issues and challenges related to the development 
of a UK e-Infrastructure for research.  
 
Key findings and messages are: 
On Networking: 
- Diversity: The network infrastructure of the future should not be driven by a 

conservative approach based upon "one size fits all".  
- Services - not just bandwidth: Networks of the future should not be seen by 

the end user as low level technical offerings (i.e. long lived "bandwidth" 
contracts), but instead should appear as schedulable and dynamic "services" 
presented to the end user.  

- Integrated component: The network should not be the "afterthought" assumed 
to be provided somehow by someone else - it should be a first class 
component of the future e-Infrastructure planning.  

- Business model: The current business model of traditional telcos is inhibitory - 
and needs to be restructured for the good of the UK. This requires 
government policy intervention. 

- Mobility: Mobile access is crucial - researchers are often not "at their desk". 
When on the move pervasive wireless access is demanded along with an 
international roaming authentication system.   

- Research Network: A research network is required on which not only 
applications can be investigated but also research conducted into the network 
infrastructure itself. 

- International comparison: The UK, USA and Europe lag behind other 
countries in networking which have leapfrogged us in certain respects. For 
example several Eastern European countries have much more penetration of 
fibre infrastructure (e.g. CZ and PL) and the Asia pacific region is ahead on 
mobile access.  

On Compute capacity: 
- Capability vs. capacity: At the national level, leading-edge facilities are 

essential to support both capability computing (targeting substantial fractions 
of a tightly coupled resource at a single problem) and capacity computing 
(running many smaller, largely independent jobs simultaneously).  

- System Architectures: For both capability and capacity systems, there needs 
to be a diversity of architectures as one size does not fit all.  

- Traversing the Computational Pyramid: The provision of intermediate scale 
computational resources, between the local university resources and the UK 
national facilities, and the appropriate policies to allow co-ordinated use of the 
resource is essential.   

- Visualisation: A national UK e-Infrastructure should include visualisation with 
a set of rendering generators capable of delivering sufficiently high resolution 
imagery, on demand, to the user.  
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- Parallel Software: Continued speed-up of simulations will be dependent on 
exploiting parallelism. An initiative in software for massively parallel systems 
is essential. 

- Going Multicore: A trend that we will experience over the next decade is the 
move to multicore systems that is multiple CPUs on a chip.  This will have a 
large impact on software, as new algorithms and programming methodology 
will need to be developed and supported to enable researchers to use these 
architectures effectively. 

On Data Storage: 
- Data Volumes: In many research fields data production is doubling annually 

and the research communities are not prepared, nor are the facilities in place 
for management of these data volumes. 

- Open Access: The funding source of the generation of the data is also a 
driver in terms of storage and long term curation.  Data generated through 
publicly funded activities may soon require long-term access to be mandatory.  

- Legal Requirements: Both legality issues and co-analysis issues will lead to 
data maintenance periods becoming mandated by funding providers. 

- Data Storage Technologies: New technologies such as holographic storage 
systems may be developed sufficiently for use within the next decade, but at 
this time we are reliant on disk and tape technology to meet the increasing 
need. 

- Data management and retrieval: At the present time it is often the data 
storage systems that are constraining large scale data movement (rather than 
the networks). 

- Data Systems Software: There is a need for a software development and 
support for effective use of data storage systems – this is largely covered in 
other reports in this series but noted here for completeness. 

- Stable support: As communities will have become dependent on massive 
openly accessible databases, stable financial support will become vital. Both 
the UK and the EU need to develop funding mechanisms that reflect the real 
costs and importance and of strategic data repositories (to at least match 
efforts in the U.S. which have almost twenty years of heritage).  Such 
mechanisms will reflect the real staffing costs associated with the data 
repositories. 

On Cross cutting issues 
- Resilience and self management:  Faults and attacks on networks and other 

resources will inevitably occur, and so the they must be built to deal with this 
itself.  

- Security: Work is already underway on security, for example to harmonise 
authentication and authorization across the world (based on Shibboleth and 
associated policy extensions). However, security needs to be treated as a 
system-wide concern that includes co-ordination of policies as well as 
technologies. 

- Personnel: There is a need to provide support and training in computational 
science and data storage technologies and capabilities. This needs to be 

 4



e-Infrastructure for research in the next 10 years 

enhanced and rolled out across all disciplines as part of any e-Infrastructure 
strategy.   

Key recommendations are: 
In creating future network infrastructures: 

I. Fibre infrastructure reaching to most research sites, and giving 
international access through SuperJANET. This will preferably be 
accompanied by changes in the provisioning structure that encourages 
fibre infrastructure providers. 

II. Wireless connectivity and mobility for all, provided seamlessly, is an 
increasingly important area for new services required by researchers 
on the move and who will be using a range of access devices of widely 
different capabilities. 

III. Robust, resilient, self managing networks are basic necessities in order 
to provide the Quality of Service that users will increasingly expect, 
even in research environments, and at the same time the networking 
research needed to achieve this will inform the provision of networks 
as a crucial and critical part of e-Infrastructures. 

IV. Research Networks need to be provided in order to develop the 
necessary know-how, and the UK urgently needs to make the 
necessary investment. 

On future Compute Capicity: 
I. Maintain the support at national and University levels to enable the 

continuing development of the hierarchy of computational resources for 
capacity and capability computing. 

II. Ensure better co-ordination between funding agencies, service 
provides and policy developers to ensure effective use of co-ordinated 
computational resources. 

III. Ensure scientific software development and support is given a priority 
to enable algorithm development and deployment across new 
architectures and parallel systems. 

On Data Storage Systems: 
I. Develop tools, and policies to support the appropriate use of managed 

data storage 
II. Provide national storage facilities for reliable storage for very high-

volumes of data (greater than tens of PB each). 
III. Provide discipline specific data storage facilities which have optimised 

their storage to support the access paradigms required by their 
communities, and exploit secure backups at institutional, regional or 
national storage facilities. 

On  cross cutting themes: 
I. Provide effective training for researchers on these technologies. 

Provide support for appropriate post doctoral training.; 
II. Ensure security infrastructure is co-ordinated across networked 

resources. 
III. There needs to coordinated effort of stakeholders in the development 

of the e-Infrastructure to ensure most effective investment. 
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Introduction 
This report is one of six developed as part of the OSI considerations on the 
requirements of a UK e-Infrastructure for research. It brings together the work of 
three sub-groups (listed in appendix 1) who addressed the issues of Networking, 
Computational Capacity and Data Storage Systems separately.  Although each 
of these issues is sufficiently well defined that they can be considered in 
isolation, there are clearly some issues of integration of the three technologies in 
supporting research that need to be considered.  There are a number of areas 
particularly in data storage where the material covered in other reports in this 
series, on the creation to curation of data, are eminently relevant as are findings 
within the report on middleware and security. There are also a number of cross-
cutting themes that are not considered here or in the individual reports, but which 
are covered in the overview report.   
 
For the UK to maintain, enhance and promote its international position in 
computational science and related research disciplines it is essential and 
necessary that UK researchers are provided with an e-Infrastructure which 
enables an integrated approach to computing, data resources and research 
facilities across the UK and internationally. These resources should include the 
hierarchy of computational resources from desktop PCs to high-performance 
computers (HPC), data storage, visualization, underpinned high-performance 
network services.   Research practice has changed from a predominantly local 
environment to one where leading edge research comes only through a global 
virtual collaboration and hence the provision of computational, data and network 
resources needs to be considered in this context. Problems with the present 
situation have been identified in the recent International review of HPC1: 
 
“Perhaps due in some measure to present funding practices, many research 
groups in the UK appeared to be deficient in adapting to modern programming 
practices, anticipating the need for data management and visualization, and 
developing interoperable software and algorithm environments. If these 
deficiencies were remedied, we should witness the accelerated emergence of 
dramatically improved capabilities for making critical discoveries in many 
scientific domains …” 
 
In this report we attempt to pick up on these already identified problems and 
attempt to provide a view of requirements for the next decade. This report is 
meant as a starting point for discussion and further consideration.  
 
The next sections provide the findings for each area, followed by concluding 
remarks. 

                                                 
1http://www.epsrc.ac.uk/ResearchFunding/FacilitiesAndServices/HighPerformanceComputing/Internationa
lReview/default.htm 
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Networking 

Introduction 
Research practice has changed from a predominantly local environment to one 
where leading edge research comes only through a global virtual collaboration. 
To enable researchers in the UK to participate in such global collaborations the 
UK must have a world class, pervasive, dynamic and resilient network capable of 
meeting the needs of diverse and demanding research use patterns. Virtual 
researchers can operate in many places concurrently, yet network provision is 
still primarily based on the assumption that researchers are statically located in 
one place. The vision must be to remove the barriers that separate one 
researcher from another, that distance the researcher from a remote instrument, 
and that also inhibit researcher mobility. To achieve this vision the network needs 
to be based on fibre connections to research sites combined with pervasive 
wireless access. It should provide services ranging from normal (internet) IP to 
dynamic path provision; it should shed the outmoded telco-like business model, 
and provide ubiquitous and mobile access services. 
 
This quote below captures succinctly the challenge that this vision addresses. 
 
"We are impressed by the evidence of growing network requirements from all 
areas of research. The needs will grow dramatically over the next 5-10 years, in 
all disciplines and in all countries. Examples are given where research would 
become much more efficient if network speeds were increased by one or two 
orders of magnitude. Examples were also given where there is the possibility of 
starting completely new research activities that were prohibited until now by lack 
of very high performance networking facilities…" 
-[The SERENATE Report for the European Union] 
 

The present situation 
The UK national education and research network, SuperJANET4 (SJ4) is 
provided by the JISC through UKERNA. SJ4 provides a first class IP production 
service with ample capacity for IP traffic. This is connected to Universities and 
other sites through Regional Networks (RN), which is adequate for the normal 
internet traffic. Some Institutions (e.g. Royal Holloway, Brunel or Stirling 
University) still suffer from low capacity connections due to prohibitive leasing 
rates - in turn inhibiting network intensive research from being developed. Some 
research sites (e.g. Jodrell Bank) have until recently suffered from the same 
problem and have only been solved on a local basis. 
 
The JISC and UKERNA have worked very closely with the UK research 
community in the last few years, building the foundations for a much more 
dynamic network structure, and resulting in the UK's first research network 
(UKLight) which provides connectivity into the global optical network. This has 
been an excellent precursor to SuperJANET5 (SJ5). 
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SJ5 is about to be rolled out in the UK. UKERNA are to be commended on SJ5 
which was designed to meet the evolving needs of its entire community, ranging 
from education and teaching to high demand research. SJ5 provides a managed 
fibre infrastructure which reaches all RNs and gives the capability of dedicated 
bandwidth services in a flexible and cost effective way.   
 
The SJ5 rollout has not solved the problem of some institutes connected via low 
capacity links to their RNs, and at present this problem is not likely to go away 
due to continuing inhibitory "premium" costs and lack of competition on non 
metropolitan routes. 
 
Thus at present the UK stands on the threshold of an excellent physical research 
infrastructure, but it has incomplete reach. 
 
Other services described below are in some cases just being put in place (e.g. 
roaming network access has just been piloted, and Shibboleth authentication and 
authorization is being deployed). There is very little by way of higher level 
services under development. 
 

The aim 
The Network e-Infrastructure should be driven by the idea of ensuring 
excellence, quality, capability and competitiveness in UK research. Science and 
research should not be artificially inhibited through lack of network capability. In 
particular the above should not be the case purely due to outdated provisioning 
models. 
 
The network must be viewed not just at technical capability at the infrastructure 
level but also as services expressed in the terms encapsulates what users 
actually want to do. This will be ever more true as distributed computing evolves 
to treating interconnectivity services in the same way as job scheduling services. 
 
At the technical level the target should clearly be to achieve as close as possible 
to 100% fibre infrastructure to all major research sites2. This will ensure that the 
fundamental infrastructure will not limit UK research and collaboration. To 
achieve this aim there should be a policy to encourage the emergence of more 
"utility-like" fibre providers and the provision of open access "city fibre 
exchanges" where all fibre providers, leasers and renters in a region can 
interconnect.  
 
UK researchers should benefit from truly pervasive roaming mobile access 
following from the first steps which are being taken today. The ad hoc and 
                                                 
2 The UK is part way there with the SuperJANET5 infrastructure, but this does not reach all 
research end points and several institutions still have only 155 Mbit/s connections.    
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disparate ways of providing on-the-move access should be consigned to history 
as soon as possible in recognition that research is not done in one place. This 
redoubles the need to achieve a global authentication and authorization system 
to enable sign-on and access to resources equally from anywhere  
 
Using this infrastructure, services can be built which are fit for purpose, rather 
than employing fix-ups to make up for the deficiencies of the underlying structure 
and business model. These range from easy set up and tear down of end-to-end 
quality and bandwidth-assured services tailored to different classes of 
application, through reliable high speed integrated data movement and 
management services, to voice-over-IP based telephone conferencing and 
multimedia conferencing that are easy to set up and use. 
 
The network should provide a flexible crash and burn facility for network 
researchers, which in turn can be used to both develop new ways of networking, 
as well as undertake realistic tests with real users. 
 
Much (or all) of this could be provided and managed by UKERNA who already 
engage fully with the research community and appreciate these issues.  
UKERNA can only do this, however, if policy is set at government level to allow 
the vision to be enacted.  
 

Key messages 
 
 Diversity: The network infrastructure of the future should not be driven by a 

conservative approach based upon "one size fits all". This completely inhibits 
development of new ways of working which could potentially cause a sea 
change in efficiency and capability. Instead the network should permit many 
and diverse use patterns to co-exist, ranging from real time instrument control 
through to the traditional packet based many to many services. 
 

 Integrated component: The network should not be the "afterthought" 
assumed to be provided somehow by someone else - it should be a first class 
component of the future e-Infrastructure planning.  

 
 Business model: The current business model of traditional telcos is 

inhibitory - and needs to be restructured for the good of the UK. Existing 
telcos are vertical structures where the telco owns the entire stack. As a result 
they feel the need to (by default) charge for high yield high level services 
appropriate to business, but wholly inappropriate to research infrastructure. 
They fail to recognise that research projects will never need or buy the 
expensive high level services. As example research rarely needs the 
99.9999% availability of a premium SDH circuit, but would really like a 98% 
available wavelength. 
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This requires government policy intervention. 

 
 Services - not just bandwidth: Networks of the future should not be seen by 

the end user as low level technical offerings (i.e. long lived "bandwidth" 
contracts), but instead should appear as schedulable and dynamic "services" 
presented to the end user. These services should be presented in the terms 
most natural to users needs, e.g.  Virtual Visualisation service to a set of 
remote researchers so that they can all see and manipulate MRI images and 
simulations as if they were in the same office, or Guaranteed high speed file 
transfer service to allow a computational chemist to guarantee that a 
simulation checkpoint data file is moved to an expensive HPC machine in 
time to use a scheduled processing slot. 
 

 Mobility: Mobile access is crucial - researchers are often not "at their desk". 
When on the move pervasive wireless access is demanded along with an 
international roaming authentication system.  Wireless networking needs to 
be better integrated into the whole, with solutions to its attendant problems of 
intermittent connectivity and variable-quality bandwidth as well as 
heterogeneous technologies. 
 

 Security: Much work is already underway, e.g. to harmonise authentication 
and authorization across the world (for example based on Shibboleth and 
associated policy extensions). However, security needs to be treated as a 
system-wide concern and work undertaken to minimize the possibility of 
intrusions and their consequences. 

 
 Resilience and self management:  Faults and attacks will inevitably occur, 

and so the network must be built to deal with this itself. To support critical 
applications, the network will have to be more self-managing than it is now - 
this implies a degree of autonomic operation. Ultimately, work in this area 
aims to improve the user-level Quality of Service (QoS) through the provision 
of a resilient network infrastructure. 

 
 Research Network: The technologies of overlays and programmable 

technologies (and others as appropriate) need to be harnessed into producing 
a research network on which not only applications can be investigated but 
also research conducted into the network infrastructure itself. 

 
 International comparison: The UK, USA and Europe lag behind other 

countries which have leapfrogged us in certain respects. For example several 
Eastern European countries have much more penetration of fibre 
infrastructure (e.g. CZ and PL) and the Asia pacific region is ahead on mobile 
access.  
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The European Union has recognised this in its SERENATE report - a strategic 
study aiming at providing input to the European Commission on initiatives 
targeted to keep the evolution of the European research networking at the 
forefront of world-wide development.  The European network provider is now 
actively offering wavelength services and is engaged in developing user to 
network interaction services.     
 http://www.serenate.org/, http://www.geant2.net/
 
Very recently, a new project has been approved by the European Union, called 
“OneLab” (An Open Networking Laboratory Supporting Communication Network 
Research Across Heterogeneous Environments), under the Research networking 
testbeds initiative (activity code IST-2005-2.5.6). OneLab will build on the 
successful PlanetLab testbed, incorporating into that platform both passive and 
active measurements across multiple link technologies, and so enabling the next 
generation of network experiments and prototyping. 

The US research community has recognised this, and as example has for some 
time had several consortia run groups providing multiple wavelength access to 
institutions (e.g. StarLight, NLR, CENIC). The NSF has set in place the GENI 
programme which will support research, design, and development of new 
networking and distributed systems capabilities by creating new core 
functionality, developing enhanced capabilities, deploying and validating new 
architectures, building higher-level service abstractions, building new services 
and applications, and developing new network architecture theories.   
     http://www.nsf.gov/cise/geni/

 
The world community has recognised this, as can be seen from the emergence 
of the Global Lambda Infrastructure Facility group (GLIF). It brings together some 
of the world's premier research networking providers and users who are working 
together to develop an international infrastructure by identifying equipment, 
connection requirements, and necessary engineering functions and services  
         http://www.glif.is  
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Computing Capability 

Introduction 
Computational science, the scientific investigation of physical processes through 
modeling and simulation on computers, has become generally accepted as the 
third pillar of science, complementing and extending theory and experimentation.   
 
The introduction and utilisation of computational resources is now indispensable 
to the solution of research challenges and problems in every sector, from 
traditional science and engineering domains to such key areas as national 
security, public health, and economic innovation. This trend is set to continue 
over the next decade.  For the UK to compete in the global economy and 
international research arena, it must take advantage of its excellent track record 
in scientific discovery and technological innovation and provide an e-
Infrastructure for this to continue and expand. 
 
High performance computing (HPC) satisfies the most demanding scientific goals 
pushing the boundaries of researchers’ ambitions and stretching the 
development of hardware and software technologies in dimensions that often 
prove beneficial outside the HPC research arena.  This enables computational 
science to tackle a class of problems and grasp opportunities that cannot be 
approached in any other way. These opportunities include genome sequencing, 
biomedicine, and drug design; molecular engineering of new materials and 
devices; engineering efficient and environmentally sound technologies and 
energy sources; forecasting global climate change and finding strategies to deal 
with it; and understanding the fundamental interactions of elementary particles 
and the origin and fate of the universe. 
 
Through the emergence of “Grid technologies”, which provide a framework for 
integration across computational resources, it is becoming increasingly important 
to consider issues that impact co-ordinated use of the resources. This includes 
security, usage policies, resource booking practice, and software compatibility 
and licensing. Since the development of a UK e-Infrastructure will build on these 
technologies then the related co-ordinating issues will be key to effective use of 
computational resources in the future.  The reports on AAA and middleware 
cover these issues in depth but they should also be kept in mind here. 
 

The present situation 
The hierarchy of computational resources is often captured in the notion of a 
pyramid with a broad base (many smaller systems) and a narrow top (a few 
leading-edge systems) usually classified as follows: 
 

- Leadership computing: Capability Computing 
- National supercomputers: High-end Capability-Capacity Computing 
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- University-Department Group Compute Clusters: Local Capacity 
Computing 

- Personal computers and workstations: Personal Computing 
 
The UK to date has been well served at the leading edge by the HPCx and 
CSAR computational systems and by the special-purpose QCDOC machine. and 
The HECToR program promises to build on this excellent HPC experience.  SRIF 
and other similar funding mechanism have to date enabled Universities to invest 
in Tier 2 type systems for local use. 
 
In the last two years the National Grid Service (NGS: www.ngs.ac.uk) has been 
developed that provides a Core capability of what might be considered individual 
Tier 3 systems, but that are connected together to provide a larger computational 
“Grid” resource.  The NGS is expanding by the addition of University and other 
resources.   This trend is one which will shape the requirements of the next 
decade and beyond. 
 

The aim 
The aim over the next decade must be to maintain the support at national and 
University levels to enable the continuing development of the hierarchy of 
computational resources.  The co-ordinated use and development of those 
systems will require increased co-ordination at the funding level, the service 
provision level and at the policy level.  It is likely that the international co-
ordination requirements will also increase.  
 
In the future exploitation of computational systems, software and the support of 
software systems will be as important as the hardware; ranging from new 
algorithms (to maximise parallelism exploited) to community codes that are 
portable efficiently across several architectures. To ensure accessible and 
scaleable software across computational resources will require new approaches. 
 
Similarly the integration of computational resources with data storage systems, 
together with analysis and visualization systems is key to science outputs. Any 
vision of compute power for the future must be accompanied by a matching 
vision of power to interpret the results obtained.  Indeed the greater the compute 
power, the greater (potentially) the volume and complexity of the resulting 
output.   

 

Key messages 
 
Capability vs capacity: At the national level, leading-edge facilities are essential 
to support both capability computing (targeting substantial fractions of a tightly 
coupled resource at a single problem) and capacity computing (running many 
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smaller, largely independent jobs simultaneously). A balance between these two 
types is essential because both are fruitful scientifically and are often needed on 
the same scientific project, for example; generation of simulations may require 
capability computing, while the analysis of these simulations may best be done 
on capacity machines. 
 
System Architectures: For both capability and capacity systems, there needs to 
be a diversity of architectures as one size does not fit all. The UK needs at least 
tightly coupled distributed-memory machines and large shared memory systems 
with special allowance for special-purpose machines (e.g., QCD machine). While 
all of these machines operate primarily in standard batch mode, they should be 
scheduled to allow interactive access and even co-scheduling with other facilities 
(e.g., for visualisation).  
 
Traversing the Computational Pyramid: The provision of intermediate scale 
computational resources, between the local university resources and the UK 
national facilities, is essential.  Today, there are several barriers that stand in the 
way of researchers making effective use of high end computing. One is that the 
transition from local/departmental resources to high end national resources is far 
from seamless (the potential energy barrier is high).  
 
Hence a strategy of providing lots of capability machines across the UK, with the 
proviso that a percentage of their activity must be given up to provide UK-
capacity, is an appropriate component for a model of a UK e-Infrastructure. The 
economies of these systems is also changing, for example, with the increasing 
market share of cluster systems built from commodity, air-cooled components, 
the floor space requirements of systems are getting bigger again. Heat output is 
going up, cooling is becoming a problem, and power bills can no longer be 
ignored in an energy concerned world. 
 
Visualisation: A national UK e-Infrastructure should include visualisation with a 
set of rendering generators capable of delivering sufficiently high resolution 
imagery, on demand, to the user.  (At present, high resolution (4k x 2k) is only 
available on desktop but the expected resolution of laptops and mobile devices 
will steadily increase over coming years.)  The e-Infrastructure will therefore 
require visualisation power – a rule of thumb might be that for every ten units of 
compute power one unit for visualisation is required.   
 
Security: As noted above security needs to be treated as a system-wide concern 
and as more computational resources become part of the e-Infrastructure it is 
important to ensure that a comprehensive security policy framework exists. 
 
Parallel Software: While there is a good chance that processor speed and 
bandwidth will continue to follow Moore's law, network latency is more or less 
stuck. Developing scalable codes is getting harder.  As a result continued speed-
up will be dependent on exploiting parallelism. 
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Going Multicore: A trend that we will experience over the next decade is the 
move to multicore systems, that is multiple CPUs on a chip.  Desktop machines 
are already available with dual core processors and manufacturers have 
produced roadmaps indicating up to 16 core processors in the relatively near 
future.  This will have a large impact on software, as new algorithms and 
programming methodology will need to be developed and supported to enable 
researchers to use these architectures effectively. 
 
Personnel: The most successful practitioners of computational science today 
are multidisciplinary teams that include, for example, mathematicians and 
computer scientists. These teams have set up a software infrastructure, including 
a support infrastructure, for large codes that are well maintained and extensible 
beyond the set of original developers.  This needs to be enhanced and rolled out 
across all disciplines as part of any e-Infrastructure strategy.   
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Data Storage Systems 

Introduction 
In the next decade we will see new experimental facilities coming online that will 
generate data sets ranging in size from 100’s of Terabytes to 10’s of petabytes 
per year. Such enormous volumes of data exceed the largest commercial 
databases currently available by one or two orders of magnitude.  There are 
many instances where sensors are generating petabytes of data from engine 
pressure, temperature and vibration sensors checking the health of an aircraft, to 
high-throughput sensor experiments in fields such as environmental and earth 
observation, and of course human health-care monitoring.  
 
Data generated from sensors, satellites, high-performance computer simulations, 
high-throughput devices, scientific images and so on will soon dwarf all of the 
scientific data collected in the whole history of scientific exploration.  Consider 
the production of X-ray data by the present generation of electron synchrotron 
accelerators. At 3 seconds per image and 1,200 images per hour, each 
experimental station generates about 1 Terabyte of X-ray data per day. At the 
next generation ‘DIAMOND’ synchrotron currently under construction  the 
planned beamlines will generate many Petabytes of data per year, As of today, 
the largest commercial databases range from 10’s of Tbytes up to 100 Tbytes. In 
the coming years, we expect that this situation will change dramatically in that the 
volume of data in scientific data archives will vastly exceed that of commercial 
systems 
 
We should not forget either the data sets generated and analysed within the 
social sciences or the digital repositories being built in the humanities. In the UK, 
the total storage requirement for the social sciences has grown from around 400 
Gigabytes in 1995 to more than a Terabyte in 2001. Growth is predicted to grow 
in the next decade but the total volume is not thought likely to exceed 10 
Terabytes by 2010. 
 
There are many issues that need to be considered including the generation of 
appropriate metadata and curation technologies.  Here we concern ourselves 
only with the technology to store the data. 
 
In all communities, data volumes of PB/year are expected within the next 
decade: 
 

• In the environmental sciences, new satellite instruments and more use of 
ensembles of high resolution models will lead to a number of multi-PB 
archives in the next decade (within the U.K. the Met Office and European 
Centre for Medium Range Weather Forecasting already have archives 
which exceed a PB each. Such archives will need to be connected to the 
research community with high-speed networks. 
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• In the astronomy community, there are now of the order of 100 
experiments delivering 1 or more TB/year with the largest at about 20 
TB/year, but in the near future the largest will be providing 100 TB/yr and 
by early in the next decade PB/year instruments will be deployed. 

• In the biological sciences, new microscopic and imaging techniques, along 
with new sensor arrays and the exploitation of new instruments (including 
the Diamond Light Source) are leading to, and will continue to, an 
explosion in data production. 

• Within the particle physics community, the need to exploit new instruments 
at CERN and elsewhere is leading to the development of new storage 
paradigms, but they are continually on the bleeding edge, both in terms of 
software archival tools, and the hardware which is exploited. 

• In general the scientific research that uses the computational resources 
described above will create TB of data through simulation. 

 
Legal requirements to keep research data as evidential backup will become more 
prevalent.  Communities are recognising the benefits of meta-analyses and inter-
disciplinary analyses across data repositories.  
 
With the plethora of instruments and simulation codes within each community, 
each capable of producing different forms of data, heterogeneity of data types 
coupled with differing indexing strategies will become a significant problem for 
cross-platform analyses (and the concommittant data retrieval). The problem will 
be exacerbated for interdisciplinary analyses. 
 

The present situation  
In many fields data production is doubling every two years or so, but there are a 
number of fields where in the near future, new generations of instruments are 
likely to introduce major step changes in data production. Such instruments (e.g. 
the Large Hadron Collider and the Diamond Light Source) will produce data on a 
scale never before managed by their communities.  
 
Thus far disk storage capacity increases have met the storage demands, and 
both tape and disk storage capacities are likely to continue to increase although 
there are always concerns about being on the edge of technological limits. Most 
present technologies are designed to a specific bit error rate e.g. 1e-15, for 
modern petabyte disk farms and multi-petabyte archives; this error rate is too 
high. A further challenge is that errors are bursty - that is a failing system tends to 
have multiple errors. For large storage systems, the time to recover from a failure 
is becoming too short for effective management.  
 
New holographic storage systems are beginning to hit the market, but thus far 
are not yet scalable nor fast enough to compare with older technologies. In 
addition much of the demand for new and increased capacity storage is driven by 
mass market consumer applications where the performance and reliability 
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demands may be much lower than required for large scale storage of valuable 
data. 
 
Consequently, while storage capacities are likely to meet demand, major 
problems are anticipated in both the ability to retrieve and manage the data 
stored.  Although storage capacities and network bandwidth have been roughly 
following Moore’s Law (doubling every two years), neither the speed of I/O 
subsystems nor the storage capacities of major repositories have kept pace. 
Early tests of data movement within the academic community have found in 
many cases that their storage systems have been the limiting factor in moving 
data (not the network). While many groups are relying on commodity storage 
solutions (e.g. massive arrays of cheap disks), as the volumes of data stored 
have gone up, random bit errors are beginning to accumulate, causing reliability 
problems.  Such problems are compounded by many communities relying on ad 
hoc storage management software, and few expect their solutions to scale with 
the oncoming demand. As volumes go up, finding and locating specific data 
depends more and more on sophisticated indexing and cataloguing. In addition 
to experimental facilities, existing High Performance Computing facilities do not 
adequately provide for users whose main codes produced huge volumes of data. 
There is little thought given to the cost of creating large datasets, or recreating 
them if they are lost. E.g. There is little provision of backup for large research 
datasets, and widespread international access is typically limited to links through 
major funded international projects. 
 

The aim 
In ten years, the UK community should expect to have available both the tools, 
policies and the infrastructure to allow scientists to exploit the deluge of data 
expected. Creation , analysis, storage and archival of data will be possible across 
the full range of scientific endeavour, with appropriate actions being determined 
by conscious tactical, strategic or policy decisions and not on ad hoc technical or 
financial opportunities. The infrastructure is likely to consist of 
 

I. Tools, and policies to support the appropriate use of managed data 
storage 

II. One or more national storage facilities that provide reliable storage for 
very high-volumes of data (greater than tens of PB each). 

III. A number of discipline specific data storage facilities which have 
optimised their storage to support the access paradigms required by 
their communities, and exploit secure backups at institutional, regional 
or national storage facilities. 

 
All these storage facilities will all have links with international peers that enable 
international collaborations to exploit distributed storage paradigms without 
explicitly bidding for linkage funding. Such links will include both adequate 
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network provision and bilateral policies on the storage and access of data for 
international collaborators. 
 
The UK data analysis facilities will have large and efficient I/O subsystems that 
can support data intensive high performance computing, and will be linked by 
high performance networks (possibly including dedicated bandwidth networks) to 
national and international data facilities. 
 
Researcher will use sophisticated software tools to efficiently manage large 
archives on commodity hardware, and on the development of methodologies to 
improve the bandwidth to storage subsystems, making cost effective large scale 
data storage a reality. At the same time both distributed searching (across 
archives) and server-side data selection (to minimise volumes of data transfer) 
will available as the demand for access to storage will have continued to outstrip 
the bandwidth. 
 
Many communities will have developed automatic techniques to capture 
metadata, and both the data and metadata will be automatically mirrored to 
national databases and potentially available to a wider community even as they 
are exploited by individual research groups. 
 
As communities will have become dependent on massive openly accessible 
databases, stable financial support will become vital. Both the UK and the EU will 
have developed funding mechanisms that reflect the real costs and importance 
and of strategic data repositories (to at least match efforts in the U.S. which have 
almost twenty years of heritage).  Such mechanisms will reflect the real staffing 
costs associated with the data repositories. 
 

Key messages 
Data Volumes: In many research fields data production is doubling annually and 
the research communities are not prepared, nor are the facilities in place for 
management of these data volumes. 
 
Legal Requirements: Both legality issues and co-analysis issues will lead to 
data maintenance periods becoming mandated by funding providers. 
 
Technologies: In the near term we see the existing technologies of disk and 
tape drives as needing to expand to meet the demand.   It is possible that new 
technologies such as holographic storage systems will be developed sufficiently 
for use within the next decade. 
 
National Storage facilities: There is a need for national facilities to support 
research community data storage of greater than tens of PetaBytes each.  These 
will need support for staffing as well as the required hardware.   
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Data management and retrieval: This topic is covered in depth in other reports 
in this series, but it should be noted here that at the present time it is often the 
data storage systems that are constraining large scale data movement (rather 
than the networks). 
 
Personnel: There is a need to provide support and training in data storage 
technologies and capabilities to communities who are creating or on the brink of 
creating large amounts of research data.  
 
Software: There is a need for a software development and support for effective 
use of these data storage systems – this is largely covered in other reports in this 
series but noted here for completeness. 
International relations: 
 
Stable support: As communities will have become dependent on massive 
openly accessible databases, stable financial support will become vital. Both the 
UK and the EU will have developed funding mechanisms that reflect the real 
costs and importance and of strategic data repositories (to at least match efforts 
in the U.S. which have almost twenty years of heritage).  Such mechanisms will 
reflect the real staffing costs associated with the data repositories. 
 
Open Access: The funding source of the generation of the data is also a driver 
in terms of storage and long term curation.  Data generated through publicly 
funded activities may soon require long-term access to be mandatory.  
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Concluding remarks 
Several cross-cutting issues have come up throughout the document.  These 
include security, co-ordination across resource providers, interoperability of 
software systems, and support for research communities in using these 
resources.  Education and training of computational scientists is a necessary part 
of any e-Infrastructure strategy. In addition this requires that there is an academic 
career path for the interdisciplinarians who are involved in computational science.  
 
There needs to be much more co-ordination of funding and policy development 
of the Research Councils, JISC, HEFCE and other stakeholder agencies. to 
ensure an effective and efficient development of an e-Infrastructure that will truly 
support research. There needs to be more cohesion between the way e-
Infrastructure, HPC, network and other resource provisions are funded, and the 
mechanisms for granting access to these resources. 
 
Such an e-Infrastructure should be sustainable, that is, receive an investment 
over a long period to ensure stability for UK researchers.  It takes a lot of 
research investment in building up the capabilities to effectively use these 
resources and that investment will be wasted if the e-Infrastructure is not 
successfully maintained.  
 
In summary the UK needs a strategy where the e-Infrastructure provides the 
integration fabric for a wide range of computational resources including 
computers, visualization, data storage and the underpinning network capacity 
and services. The strategy must enable transitions across, and allow co-
ordinated use of the whole spectrum of resources, from desktop and 
departmental systems through campus and regional or functional resource 
pools/grids and  in co-ordination with  international infrastructure developments. 
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this report.  
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Appendix 2: Drivers for Networking 

 
An excellent cross section of applications which are drivers for change can be 
seen through the IGrid series of conferences. Examples from the IGrid 2005 
meeting in San Diego can be seen in the brochure which can be found at   
        
 http://www.igrid2005.org/program/
 
Drivers for change in applied research include: 
 

 Very high bandwidth point-to-point connections empower a range of 
compute intensive research:  

o Compute and Data centres (HPC centres, Research Data centres) 
need guaranteed co-scheduling of expensive distributed resources 
- including the network interlink. 

o Large research facilities & instruments (CERN, Telescopes, 
Microscopes, Simulators,  

 Virtual communities. Leading edge research is more and more achieved 
through massively distributed collaborations on a global scale - "virtual 
communities" (VCs). Often these VCs access instruments or facilities 
which are remote from the people. There is no need or desirability for 
people and instruments/data centres to be co-located. This requires: 

o Ubiquitous roaming wireless access - more and more researchers 
are "on the move" 

o Truly interactive virtual presence  
o Very high definition video  

 Dependability and predictable connections are needed for  
o Medical research where researchers are remote from an expensive 

imaging instrument. 
o Remote Instrument control 
o Supercomputer operations (links simulations, interactive 

visualisation to reduce time to insight). 
 Secure services are demanded by: 

o Medical applications 
o Industrial collaborative projects 

 
Drivers for change in communications research include: 

 Many elements of the internet are past sell by date (like TCP, routing 
protocols)  

 Optical technologies are advancing  - requiring advances in dynamic 
service provisioning protocols and realistic testbeds. 

 The application of overlay and P2P techniques, and in general the 
adoption of programmable networking, offer promise for future networks. 

 
Drivers for change in industry university research  
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e-Infrastructure for research in the next 10 years 

 Electronic distribution represents an enormous opportunity for 
games/broadcast industries in the UK 

 No extensive  broadband infrastructure in the UK that facilitates the 
development, test and demonstration of new on-line concepts 
o to develop the know-how, capability and protocols to support electronic 

distribution. 
• quality of service, particularly issues associated with latency in 

situations where the aggregated data levels are high. 
• video on demand and an extended mix of video services 
• studying the impact of storage - mirrored or more distributed  
• resilience and how this may make services unattractive 
• the development of tool kits to support a new distributed enterprise 

culture, enabling new workflows and businesses to develop 
 
Drivers for change in society 

 Pre-emption of massive computing resources to cope with disasters 
(storms, eruptions, building fires 

 Computer aided medical diagnostics and surgery. 
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AAA, Middleware and DRM  



Preface 
 

In July 2004 the Treasury, Department of Trade and Industry (DTI) and the 
Department for Education and Skills (DfES) published the “Science and 
Innovation Investment Framework 2004-014”, which set out the government’s 
ambitions for UK science and innovation over that period, in particular their 
contribution to economic growth and public services.  

A section of the Framework addressed the need for an e-infrastructure for 
research. It proposed an Office for Science and Innovation (OSI) lead steering 
group to focus discussion and assess requirements for its development.  

To implement this recommendation, the OSI steering group was formed and 
commissioned a study to help inform the process of achieving the objectives set 
out in the Framework document. The study was to tasked with establishing a 
high-level “road map” of the current provision of the UK’s “e-Infrastructure” to 
support research, and in doing so help define the development this 
infrastructure.  

The steering group subsequently formed six working groups to develop this 
road map of the e-Infrastructure in greater detail in specific areas. These 
working groups were tasked with producing the following reports: 
 

1. Information creation and data creation 
2. Preservation and curation 
3. Search and navigation 
4. Virtual research communities 
5. Networks, compute power and storage hardware 
6. Middleware, AAA (authentication, authorization, accounting) and digital 

rights management 
 
The individual reports are intended to represent the informed opinion of the 
working groups and their contributors and to guide discussion and future 
development of the e-infrastructure. The working groups have worked closely 
together. Although each report is free-standing, a synthesis of all the reports 
and major issues has also been produced which will provide a framework for 
any potential departmental bids in the next Comprehensive Spending Review in 
2007 and for future planning and development of the e-infrastructure for 
research.  
 
Prue Backway 
Office for Science and Innovation 
Department of Trade and Industry 
 



Executive Summary 
 
AAA (Authentication, Authorisation and Accounting), Middleware and DRM 
(Digital Rights Management) form part of the core fabric of a distributed, 
heterogeneous e-infrastructure that is the vision of the Science and Innovation 
Investment Framework.   They are the ‘invisible mechanisms’ on which many 
users rely, but that can act as barriers to the user experience through poor 
implementation, lack of understanding or confusing policy and practise.   
 
This report summarises the findings of the AAA, Middleware and DRM working 
group formed by the DTI Steering Group to explore requirements for these 
areas of work and to make appropriate recommendations as to future 
development requirements to ensure a robust infrastructure and reliable user 
experience.  A total of 28 recommendations are made within this report, which 
can be summarised within the following high-level recommendations and 
messages: 
 

 Work to inform service and software requirements must continue to be 
supported.  The three areas covered by this report are at very different 
levels of maturity within the UK, but all will benefit from ongoing review 
and scoping.  Recommendations in this area include the need to support 
networks of excellence, technology review and scoping to improve 
authentication and authorisation tools and services, and work to explore 
the role of these technologies and processes within existing 
infrastructures such as the RAE.   

 
 Technology and service development is still required.   Whilst significant 

investment has been made within the UK to support technology 
development for next generation infrastructures, ongoing support is 
required to serve the evolving requirements of the research process.  
Many of the recommendations in this area are to support new ways of 
working, such as Virtual Organisations, or to support individuals working 
outside of existing institutional boundaries.   

 
 To achieve take-up, work to change practise should be supported.  New 

technologies can only be successfully implemented when supported by 
coherent, consistent and well considered policies and practise.  
Recommendations in this area support the changing role of both the 
institution and the user, and look towards widening participation within 
research.   

 
 The importance of social interaction and technology impact should not be 

overlooked.  The complex technological and policy requirements of AAA, 
Middleware and DRM often divorce developments from the user.  
Recommendations in this area address this issue by looking at the 
development of business models, social process studies and take-up 
support.  
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Introduction  
 
In describing the facilities that an e-Infrastructure should provide, the “Survey of the 
UK’s current e-Infrastructure Provision for Academic Research” highlights a series of 
supporting mechanisms:  
 

“Behind these facilities are further vital but often invisible mechanisms which make all of this 

work, in as coherent and reliable a manner as possible….”1

The three service components described in this report provide exactly this backbone 
and as such are vitally important in making an e-Infrastructure functional in the manner 
described by the survey.  Authentication, authorisation and accounting (AAA), 
middleware, and digital rights management (DRM) are the core fabric of a 
heterogeneous, distributed e-Infrastructure that will help meet the vision for research 
as laid out in the Science and Innovation Investment Framework 2004 – 20142.   
 
All three of these components are at very different stages of development within the 
UK.  The service critical nature of authentication, authorisation and accounting has led 
to significant developments in line with international programmes of work such as the 
JISC Federated Access Management initiative3 and the UK Grid Certificate Authority4.  
Whilst robust next generation services are emerging in this sphere, further 
development is needed to ensure that the full requirements of an e-Infrastructure can 
be met.   
 
Middleware as an area is more problematic to define as the term is applied in many 
different contexts.  Whilst defining the precise definition of middleware is difficult, it is 
clear what middleware must be able to do in order to support the proposed e-
Infrastructure: it should enable the e-Infrastructure to be robust, reliable and resilient, it 
should be based on open standards and have backwards compatibility and it should be 
based on a service-oriented approach.  This report focuses on areas of middleware 
that can directly support these requirements.  
 
Whilst digital rights management and related topics such as intellectual property rights 
(IPR) are governed by clear laws and policies, most end-users are still poorly 
supported in interpreting these in to every-day working practise.  This lack of end-user 
understanding combined with potential significant legislative changes and challenges 
to the scope of the law created by new initiatives such as Virtual Organisation means 
that much effort is required to successfully implement digital rights management within 
the e-Infrastructure.   
 
This report has focused on each of the three service components in the context of the 
current environment as described above.  As such advancements in the short and 
medium term for some areas are likely to be greater than in other areas.  It is important 
that the current context and the reality of the existing institutional infrastructure within 
the UK are kept at the forefront of debate surrounding future vision.   

                                                 
1 Lord, Philip and Macdonald, Alison. Survey of the UK’s current e-Infrastructure Provision for Academic 

Research.  September 2005.   
2 Science and Innovation Investment Framework, 2004 – 2014. July 2004: <http://www.hm-

treasury.gov.uk/media/95846/spend04_sciencedoc_1_090704.pdf>. 
3 JISC UK Access Management Federation Initiative: <http://www.jisc.ac.uk/federation.html>. 
4 UK Certificate Authority: <https://ca.grid-support.ac.uk/>. 



Theoretical Ideal  
 
The following statement is proposed as a theoretical ideal of how a user may wish to 
engage with authentication, authorisation, accounting, middleware and digital rights 
management within an e-Infrastructure.  It is a single user point-of-view, and by its 
nature will not cover all of the detailed requirements of the multiple stakeholders within 
this environment.   
 
 

"First thing in the morning I log in to my office computer at home using my usual 
username and password. Since the network at work knows where I am and what 

system I am using, that allows me to access everything I need for my normal work: e-
mail, internal files, company calendar and so on. If I were working from a hotel then I 
would also need to give the one-time password from my keyring. I receive an e-mail 

asking me to update information regarding a project I manage on the institutional 
finance system, so I switch to my role as system administrator. To get administrator 

access I need to enter the password from my keyring. When I have updated the 
relevant information I drop back to normal user access. At lunchtime I need to work on 

an essay for a course I am studying at another university, so I drop into my student 
role (the university checks with my employer that I have already logged in, so I don't 

need to enter any passwords) which lets me contact my tutor and run a couple of 
searches on a commercial database.  As part of my research I need to run a 

visualisation simulation and so I submit a job to the National Grid Service.  I am 
allowed to submit this job as I have credit available in my institutional account, which 

controls Grid usage.  I receive confirmation of the job request on my mobile phone and 
that evening I receive another notification that my job has completed. In the afternoon I 

get a call from a colleague I met at an international conference who would like me to 
join a quick video-conference he has set up. Since I am already logged in the 

collaboration system recognises me and allows me to join the conference and add 
comments to a document we are developing together.  When the paper is finished 

next week, I will submit it to my institutional repository along with the relevant 
supporting research data." 

 
 



Current Position and Plans 
 
The following table gives an overview of known developments and development plans within the UK and related communities.  This list is not 
intended to be exhaustive, but aims to highlight the most important areas in relation to this study and the needs of the Science and Innovation 
Investment Framework.   
 
Authentication, Authorisation and Accounting  
 

Activity Description Scale Current 
Expenditure 

Future Plans Developments in other countries 

UK HIGHER EDUCATION       
e-Science CA (NGS) The UK e-Science Certification Authority (CA) 

provides X.509 certificates for the UK e-
Science community and is being run as part of 
the Grid Operations Support Centre funded by 
the Research Councils' core e-Science 
programme 

Approximately 1000 
users and 2000+ 
hosts.   

Unknown JISC funded projects to 
link Certificate Authority 
and Access 
Management 
Federation 
 
Proposed JISC 
development plan for 
further work on levels of 
assurance within 
certificates 
 
Proposed JISC 
development plan for 
CA development plan 

Models for national CAs to serve 
the e-Science community can be 
found throughout all of the major 
countries involved in grid 
development and deployment  
 
The IGTF is the International Grid 
Trust Federation.  It is a federation 
of the three PMAs (Policy 
Management Authorities) in the 
world (EUGridPMA (EU-and-
friends), TAGPMA (the Americas, 
north and south), and APGridPMA 
(Asia/Pacific) 

Athens Athens provides the current, centralised 
access management system for UK HE and 
FE, providing Athens user accounts for access 
to third party resources 

3.5 million user 
accounts within the 
HE and FE sector 

JISC support of 
approximately 
£650,000 per 
annum, plus a 
charging model 
for publishers 

Eduserv Athens a 
partner in federated 
access management 
developments 

Few national systems exist in other 
countries using a similar model to 
Athens 

Federated Access Management JISC is implementing the UK Access 
Management Federation at UKERNA to 
support devolved authentication for HE and 
FE.  The DfES has recently agreed plans to 
roll-out for the schools sector 

To cover HE, FE 
and schools sectors 

Seed funding of 
£1.1 million for 
two years, 
decreasing to 
approximately 
£500,000 per 

Committed transition 
plan for 2006 – 2008, 
becoming a full service 
in July 2008  
 
Planned JISC 

Gaining international momentum.  
Known plans in US, Australia, 
Netherlands, Spain, Finland, 
Norway, and Switzerland.  
Engagement from France and 
Germany 



annum   development to
enhance core service: 
TERENA SCS and 
Virtual Home for 
Identities.  

Ad-hoc solutions  Ad-hoc access management solutions such as 
IP restricted access, username and password 
built in to systems, including identity 
management and single sign-on solutions 

Unknown Unknown Unknown Problem space is well established 
internationally  

RADIUS for roaming  UKERNA launching JANET Roaming Service 
to allow users visiting institutional campuses to 
log-in using their own institutional username 
and password.  Based on RADUIS technology, 
and eduRoam policies  

Currently small trial 
but aimed to serve 
all JANET sites 

Unknown Plans tabled to provide 
a bridge between 
JANET Roaming and 
the UK Federation 

eduRoam established throughout 
Europe and Australia, with interest 
from US 

Accounting UK standards based on Counter project.  
Current Athens system provides accounting 
information to institutions  

UK HE and 
commercial 
providers 

Unknown  JISC development
plans to examine 
accounting, auditing 
and diagnostic 
requirements across e-
Infrastructure and 
repositories  

Useful report from Swiss NREN – 
SWITCH – detailing accounting 
plans  

Grid Accounting Grid Accounting is still immature, but a number 
of projects have made some progress in 
implementing usage recording systems 
(metering). This work has fed back into the 
GGF standards procedure and standards are 
appearing (GGF Usage-Record Working 
Group) 

Accounting tools 
being developed 
and used by some 
Grid projects, 
including NGS, 
EGEE, OSG, 
SweGrid and 
TeraGrid 

Unknown   Developments will
continue, for example in 
EGEE (APEL and 
DGAS tools) 

Ongoing interest in exchange of 
interoperable accounting records 
 

TECHNOLOGY DEVELOPMENT      
SAML  SAML – Security Assertion Mark-Up Language 

– was designed to meet the needs of 
interoperable single sign-on.  SAML 2.0 has 
recently been released.  It is the standard used 
by the Shibboleth implementation  

Supported by 
Liberty Alliance – 
and OASIS standard  

Unknown  Ongoing development 
plans 

Ongoing interest as a major 
international standard 

Authorisation Tools Various tools have been created to help 
manage user information to address 
authorisation transactions.  Two are of 
particular relevance and prominence: PERMIS 
(Privilege and Role Management Infrastructure 

Tools used by 
various institutions 
internationally  

Unknown Software packages well
embedded within 
communities – planned 
further development for 
both tools 

 Ongoing international interest  



Standards) and VOMS (Virtual Organisation 
Membership Service) 

WS-Security (Fed, Trust etc)  WS-Security is a specification that provides 
enhancements to SOAP messaging to protect 
the confidentiality of the message and to 
authenticate the sender.  It also describes how 
to associate a security ‘token’ with this 
message – and works with other standards 
such as X.509 and SAML.  Six new 
specifications support WS-Security are being 
examined (Policy, Trust, Privacy, Secure 
Conversation, Federation, Authorization) 

Supported by 
Microsoft and IBM – 
an OASIS standard 

Unknown  Continued
development, 
particularly WS-
Security, WS-Trust and 
WS-Fed.   

Ongoing interest as a major 
international standard 

Identity Management  
 
 

Identity Management is gaining momentum 
from federated access management 
developments.  There are two main drivers – 
the need for well-defined identity management 
internally to support federated access 
management, and the wish to federate 
identities as well as access 

Four developments 
of interest to UK HE: 
Liberty Alliance 
Microsoft InfoCard 
Higgins 
A-Select 

Unknown Development in each of 
the main players 

International representation behind 
all of these initiatives apart from A-
Select which is a Dutch initiative  

OTHER UK SECTORS       
NHS AAA remit of Technical Architecture Design 

Group for National Library for Health (NLH) 
electronic delivery (England).  Looking towards 
Smartcard technologies, but interested in 
working with UK HE  
 
NHS Wales is not following the lead of NHS 
England. Their authentication strategy is being 
developed by the Welsh Assembly's Informing 
HealthCare programme and its Access to 
Knowledge (A2K) project 

NHS-England 
 
 
 
 
 
NHS-Wales 

Unknown Design of new  
architecture for National 
Library for Health 
 
 
 
 
Design of new 
architecture for A2K 
project  

Unknown 
 
 
 
 
 
Unknown  

UK Government  Cabinet Office Chairing a PAN Government 
Identity Management SIG – keen interest in 
federated access management  

UK Public Sector  Unknown Special Interest Group 
to make 
recommendations 

US Government Authentication 
based on Federated Access 
Management – working with 
Internet2  

Museums and Archives  No known co-ordinated approach to AAA in 
this field  

Unknown    Unknown Unknown Unknown

 
 



Middleware 
 

Activity Description Scale Current 
Expenditure 

Future Plans Developments in other countries 

UK HIGHER EDUCATION       
Core e-Science Programme 
Middleware Demonstrators 

The Core e-Science Programme funded a 
range of middleware demonstrator projects 

15 demonstrator 
projects 

£6.5 million Unknown Unknown  

OMII The Open Middleware Infrastructure Institute 
was funded by the e-Science Core Programme.  
Its remit is to harden and support key 
middleware components within e-Science 

UK Centre serving 
HE community  

Initial grant £6.5 
million, new grant 
of £9.4 million 
agreed 
 
Proposed JISC 
development 
contribution  

Recent grant renewal 
including two further 
OMII-nodes to broaden 
work across UK  

NSF Middleware Initiative, OMII-
Europe, OMII-China  

Production Grids such as NGS 
and GridPP   

Production Grids are important in terms of 
delivering middleware software and services.  
Within the UK the National Grid Service and 
GridPP are the most prominent  services in this 
area  

UK wide (NGS) 
 
UK Particle 
Physicists (GridPP) 

Unknown 
 
£32 million over 
6 years  

JISC and e-Science 
Core Programme 
continue to invest in and 
develop the NGS 

Various production Grids 
developed internationally 

JISC e-Framework The primary goal of the JISC e-framework is to 
produce an evolving and sustainable, open 
standards based service oriented technical 
framework to support the education and 
research communities.  This includes a wide 
range of ‘common services’, or middleware 
components 

Integral part of 
JISC and DEST 
development 
programmes  

 New development
programmes within 
JISC development  

 Joint initiative with Department of 
Education, Science and Training in 
Australia and input from SURF in 
Netherlands 

JISC IE Shared Infrastructure  The JISC Information Environment technical 
architecture specifies a set of standards and 
protocols that support the development and 
delivery of an integrated set of networked 
services that allow the end-user to discover, 
access, use and publish digital and physical 
resources as part of their learning and research 
activities.   This includes a shared infrastructure 
of national and distributed services 

UK HE and FE 
sectors 

 New development
strategy for shared 
infrastructure recently 
released 

 Unknown  

TECHNOLOGY DEVELOPMENT      
Globus Alliance The Globus Alliance is a community of 

organizations and individuals developing 
fundamental technologies behind the Grid, 

International  Funded through 
government 
research and 

Current release of 
toolkit 4.0, further 
releases as yet 

Globus is an international 
partnership  



which lets people share computing power, 
databases, instruments, and other on-line tools 
securely across corporate, institutional, and 
geographic boundaries.  The Globus Toolkit is 
an open source software toolkit used for 
building Grid systems and applications.  The 
Open Grid Services Architecture (OGSA) 
represents an evolution towards a Grid system 
architecture based on Web services concepts 
and technologies 

development 
programmes 

unscheduled  

European Projects such as 
EGEE 

The Enabling Grids for E-sciencE (EGEE) 
project is funded by the European Commission 
and aims to build on recent advances in grid 
technology and develop a service grid 
infrastructure which is available to scientists 24 
hours-a-day.  The middleware activities in 
EGEE focus primarily on re-engineering 
existing middleware functionality, and 
middleware is released via gLite 

European 64 million Euro 
EU funding 

Four years project 
funding secured, now in 
second of two year 
stages 

European and industry partners in 
EGEE 

OTHER UK SECTORS       
UK Government Supported through various channels such as 

the e-Government Interoperability Framework, 
the e-Government Unit and the Chief 
Information Officer Council.  Government 
Gateway launched as ‘middleware 
infrastructure’ 

UK public sector Unknown Unknown – focus on 
‘shared services’ within 
Chief Information 
Officer Council  

Unknown 

NHS Various projects exist within National 
Programme for IT and Connecting for Health 
programmes 

Health sector Unknown Connecting for Health 
programme started April 
2005 

Unknown 

Museums and Archives Unknown  Unknown Unknown Unknown Unknown
 
 
 
 
 
 
 
 



Digital Rights Management  
 

Activity Description Scale Current 
Expenditure 

Future Plans Developments in other countries 

UK HIGHER EDUCATION       
Open Access Agenda The Open Access agenda is being pursued by 

various bodies across the UK to encourage self 
publication of scholarly communications.  This 
includes initiatives such as the ‘author pays’ 
model  

Supported by 
various groups 
throughout the UK 

Unknown  Many organisations
planning Open Access 
policies 

International agenda well 
established  

JISC Intrallect Report A significant study in to DRM undertaken by 
JISC in early 2004 

Study of UK 
requirements 

£25,000 study Recommendations 
taken forward by IPR 
consultants 

Unknown 

JISC IPR Consultancy Consultants working on behalf of JISC and its 
community to both inform and update on DRM 
issues and recommend development areas 

UK wide  Ongoing consultancy Unknown 

License Expression Working 
Group 

The National Information Standards 
Organization, Digital Library Federation (DLF), 
EDItEUR, and Publishers Licensing Society 
(PLS) have agreed to form a License 
Expression Working Group to develop a single 
standard for the exchange of license 
information between publishers and libraries. 

Working group with 
international 
representation 

Contributions in 
the form of 
members time 

Recommendations from 
working group to define 
future development 
plans 

International membership on group  

TECHNOLOGY DEVELOPMENT      
License Expression Languages A License Expression Working Group has been 

formed by the Digital Library Federation and the 
Publishers Licensing Society to work towards a 
standard agreed License Expression Language 

International 
membership 

Voluntary 
contributions 

To make formal 
standard 
recommendations 

International membership on 
working group  

DRM Systems  Many commercial companies are using DRM 
systems to help enforce DRM policies.  They 
are largely unpopular as they are felt to 
unreasonably restrict user rights 

International 
commercial 

Unknown UK and EU 
governments reviewing 
place and application of 
DRM systems 

International interest and 
development 

‘Commons’ Developments Creative Commons started with the vision of 
creating flexible copyright licenses for creative 
work.  Licenses that meet UK legal 
requirements now exist.  Science Commons 
now seeks to extend this vision to all scientific 
data 

International Ongoing financial
support from 
governments and 
foundations 

 Extending international 
remit, supporting 
projects such as 
Science Commons 

International development well 
advanced 

OTHER UK SECTORS      



UK Government The All Party Parliamentary Internet Group 
(APIG) is currently undertaking a public inquiry 
on Digital Rights Management (DRM), with a 
report to be published in April. As part of the 
pre-Budget, the Chancellor Gordon Brown 
announced that he has commissioned an 
independent review into intellectual property 
rights in the UK 

UK public sector Unknown  12 month IPR review 
starting in January 
2006.   APIG enquiry 
report to be published in 
April  
 
 

EU Commission publishes regular 
reports on DRM and IPR issues  

NHS Unknown  Unknown Unknown Unknown Unknown
Museums and Archives  Unknown  Unknown Unknown Unknown Unknown



Options for the Future 
 
It is clear that the current and known developments in all three of the fields 
discussed in this report will not allow for the full provision of the theoretical ideal 
as shown in section three of this report.  As such, the working group has 
identified a series of requirements to enable e-Infrastructure provision to move 
closer to this theoretical ideal over the next five years.  This report does not 
attempt to look further ahead than this due to the fast-changing nature of both 
the research and technical environment that we currently work in.   
 
Each section below sets out a development requirement, and explains the 
current position for this requirement.  Where clear work areas can be identified, 
these are described along with an appropriate justification, benefit statement 
and risk analysis.   

 
Authentication, Authorisation and Accounting Requirements  

 
A. Strong federated access management system within the UK with 

institutionally centralised authentication 
 
JISC will be launching the UK Federation Access Management for Education 
and Research in September 2006.  This service will initially focus on meeting 
the current main requirement for access management within the UK in terms of 
access to commercial resources.  As the service grows in capacity, federated 
access management will be increasingly used in other scenarios such as 
access to non-commercial resources including e-learning and core research 
material and access to internal resources within institutions.  Ongoing support 
will be need for these activities.   
 
The following work areas are proposed:   
 
Recommendation 1 
Work area: Supporting the federated access management requirements of Virtual 

Organisations  
Description: Federated Access Management can greatly support the needs of Virtual 

Organisations, but further work is needed to allow VOs to fully exploit this 
potential.  A programme of work is proposed to support the requirements of 
Virtual Organisations including: use of multiple attribute authorities within 
institutions, support for fine-grained authorisation, and Federation membership 
models for Virtual Organisations 

Justification:  Virtual Organisations define the major requirements of the evolving e-
Infrastructure.  It is essential that they are fully supported in national 
developments 

Benefit:  Virtual Organisations supported earlier in development cycle than previously 
expected  

Risks:  Lack of understanding of VOs within institutions  
 
Recommendation 2 
Work area: Changing Practises: the Institution as Service Provider 
Description: Federated Access Management challenges institutions to rethink their 

capabilities by encouraging them to position themselves as Service Providers, 
sharing data securely with partners.  Support will be needed to enable 
institutions to understand and adopt this approach 

Justification:  e-Learning and e-Research developments all require institutions to take this 
position  

Benefit:  Full exploitation of the potential of e-Research and e-Learning collaborations  



Risks:  Lack of capability and management within institutions  
 
Recommendation 3 
Work area: Virtual Home for Identities  
Description: A ‘Virtual Home for Identities’ allows users without home affiliations to 

participate in collaborations protected by a Federation 
Justification:  Many research partners (visiting professors, commercial partners etc.) may 

have no affiliation but wish to access secure data.  Institutions are often forced 
to (inappropriately) give such users institutional status to allow for collaborative 
activities 

Benefit:  Ability to collaborate widely without breaking institutional membership policy 
Risks:  Poorly defined policy for use could over-burden system  

.   
Recommendation 4 
Work area: Server Certificate Service  
Description: Federated Access Management requires all Identity Providers and Service 

Providers to have a Server Certificate.  Provision of a central service could 
make issue and renewal of such certificates far simpler, and reduce the support 
burden for the Federation 

Justification:  Reduces the support burden of the Federation and has broader applicability for 
wider server certificate use 

Benefit:  Central system offering certificates at a fair price and reduced administrative 
burden 

Risks:  Demand for other use scenarios could impact on scale of service  
 

B. Support for levels of assurance for applying appropriate authentication to 
resources 

 
The UK currently offers two strengths of authentication: username / password 
through Athens and certificate access through the Certificate Authority.  
Application of strength is defined through the environment in which the resource 
sits rather than its worth.  Work is needed to provide appropriate strength of 
authentication to all resources against a defined level of assurance.   
 
Recommendation 5 
Work area: Level of Assurance: UK Definition of LOA  
Description: Before Levels of Assurance can be applied, an agreed standard for expressing 

levels will need to be defined 
Justification:  Required for strength of authentication to be appropriately applied.  Important in 

other sectors, particularly NHS and Government 
Benefit:  Appropriate authentication for the appropriate resource  
Risks:  Failure to reach agreement on levels required 

 
Recommendation 6 
Work area: Expressing Level of Assurance 
Description: Both the UK Access Management Federation and the UK CA will need to be 

able to express and manage LOA as part of the authentication process 
Justification:  Development work is required to implement this advanced functionality within 

both services 
Benefit:  National services offering Level of Assurance as part of core functionality  
Risks:  Lack of definition standard (see recommendation 5) 

 
Recommendation 7 
Work area: Appropriate Level of Assurance  
Description: Authentication strength is currently defined by the environment offering a 

service or resource, rather than by the worth of the resource.  A review of 
application of strength of authentication against research resources is proposed 

Justification:  Application of appropriate levels of assurance will open up access to resources 
to wider groups of users that may not wish to apply for strong tokens (such as 
Grid certificates)  

Benefit:  Wider take-up of resources  



Risks:  Confusion over appropriate authentication mechanisms for both users and 
resource providers 

 
C. Integration of existing access management systems within UK education 

 
There are currently four access management systems operating within the UK: 
the Grid Certificate Authority, the Athens authentication system, the UK Access 
Management Federation and the Janet Roaming Service. Whilst each of these 
services satisfies a particular unique set of requirements, interactions between 
these services will be essential to meet the theoretical ideal described in this 
paper.   
 
Recommendation 8  
Work area: Appropriate Use of PKI  
Description: Take-up of PKI technologies is still limited within the UK despite the functionality 

it can offer.  Funding for Early Adopters of PKI technologies is proposed to help 
‘kick-start’ use of PKI within the UK where it can be usefully applied.  This 
should include the development of JISC projects such as the TIES2 and 
DCOCE reports 

Justification:  Institutions within the UK need direct support at the implementation stage for 
this technology to achieve wide take-up and use within the UK 

Benefit:  Advanced technologies to support research process 
Risks:  Lack of skills and knowledge within institutions 

 
Recommendation 9 
Work area: Bridging Network and http Access  
Description: True Single Sign-On has yet to be achieved as different technologies are used 

to gain network and http authentication.  Solutions have been proposed to 
bridge this technological divide, but work is needed to prove requirements within 
the UK 

Justification:  A fully scoped requirement statement will be essential before taking this work 
forward to service within the UK 

Benefit:  Identified need before development 
Risks:  Delay in provision of service 

 
Recommendation 10 
Work area: Federated Access Management and the UK CA  
Description: JISC has funded development to provide a ‘bridge’ between the UK CA and the 

UK Access Management Federation.  Work will be required to fully embed this 
service within the UK, and to support user training and awareness 

Justification:  Support for user training and embedding will enhance the development funds 
spent on this service 

Benefit:  User education and awareness 
Risks:  Delay in developments  

 
D. Delegated authorisation 

 
Whilst centralised authentication is appropriate within an institutional context, 
centralised authorisation will limit and restrict the needs of research groups to 
run and develop services.  Models are emerging that support delegated 
authority for authorisation, but further work is required to provide the full 
functionality needed to support research groups within Virtual Organisations.   
 
Recommendation 11 
Work area: Authorisation Tools Analysis  
Description: Many tools have been developed to support authorisation functions within virtual 

organisations and institutions.  An analysis of current developments, 
functionality and gaps is proposed in conjunction with the National Grid Service 

Justification:  Authorisation is a key requirement within the e-Infrastructure.  Coherence in 



terms of development and available tools is required to achieve the functions 
required by institutions and VOs  

Benefit:  Clear understanding of development achieved and requirements outstanding 
Risks:  Lack of buy-in from software developers 

 
 

E. Ability to work across federations in both academic and commercial 
domains 

 
National Federated Access Management Systems are in development on an 
international scale, including major developments throughout Europe, the US 
and Australia.  To truly benefit from the potential of this progress, the UK will 
need to contribute to international debate and agreement on standards, 
policies, processes and best practise.   
 
Recommendation 12  
Work area: Support for UK participation in national developments  
Description: A formal body of effort for UK participation in national developments in federated 

access management Is proposed as part of the (evolving) Core e-Science 
Programme Security Network 

Justification:  For the UK to participate fully in national developments, a coherent and 
supported voice within these developments will be required  

Benefit:  Coherent messages from the UK 
Risks:  Lack of buy-in from major players within the UK  

 
F. Personal / multiple identity management tools and training 

 
Identity Management developments are occurring on three levels: to support 
intra-institutional, inter-institutional and personal requirements.  As part of the 
UK Access Management Federation, institutions are required to review and 
standardise the way in which they manage user identities and support is 
required for this process.  As part of collaborative efforts, the concept of 
Federated Identity Management to allow secure sharing of detailed information 
is emerging but its role within education and research is yet to be defined.  
Finally, users are increasingly finding the need for personal identity 
management tools to support multiple-affiliation and lifelong affiliation models.    
 
Recommendation 13 
Work area: Identity Management Review  
Description: A review of the key players within the Identity Management sphere, including 

Microsoft InfoCard, the Liberty Alliance and other open source applications is 
proposed 

Justification:  In order to best support developments within Identity Management for education 
and research, a full audit of options is essential 

Benefit:  Informed development decisions 
Risks:  Changing landscape may make information quickly out of date  

 
Recommendation 14  
Work area: Identity Management beyond the Institutional Boundaries 
Description: Development work to support inter-institutional and personal identity 

management requirements within the e-Infrastructure 
Justification:  New models of identity management will be essential for moving beyond the 

boundaries of user-institution relationships within research 
Benefit:  Cutting edge development 
Risks:  Backing the wrong technological solution  

 
 



 
 

G. Accounting, auditing and diagnostics tools  
 
For an e-Infrastructure to operate successfully, tools for auditing, accounting 
and diagnostics will be essential for a variety of tasks such as gathering usage 
statistics, measuring quality of service, and supporting billing and account 
allocation.  Although many services within the Grid and within individual 
institutions currently create service logs, there are a lack of tools to support 
analysis and application of this data in the current environment, and a lack of 
tools to track full workflow across institutions and services.   
 
Recommendation 15 
Work area: Institutional Business Models in a Changing e-Infrastructure  
Description: Developments to create an e-Infrastructure must take into account the 

institutional role and the need for e-Research to be aligned to institutional policy 
in terms of support, user rights and responsibilities, structures, authorities, and 
institutional service provision 

Justification:  e-Research functions rely on existing institutional infrastructure  
Benefit:  Synergy between institutional and e-Research processes 
Risks:  Lack of buy-in from institutions  

 
Recommendation 16 
Work area: Virtual Organisation Management Tools 
Description: For Virtual Organisations to be successful, they need to have well-defined 

business, or e-administration processes that can interoperate with existing 
institutional and national infrastructure.  Work is needed to enhance current 
research and development in this area, such as the TrustCoM project 

Justification:  Without a formal and well-defined business process that interoperates with 
existing institutional infrastructure Virtual Organisations will not be successful  

Benefit:  Builds on and interoperates with existing business models 
Risks:  Lack of buy-in from institutions  

 
Middleware Requirements 

 
H. Embedding and support for production middleware  

 
Middleware outputs are produced by a range of bodies from large organisations 
such as Globus to small research projects.  Whilst the UK cannot finance full 
support models for all middleware developments, it can provide support for 
institutions in adopting and embedding the outputs available to them. 
 
Recommendation 17 
Work area: UK Focus   
Description: Whilst various groups within the UK track international middleware 

developments, there is no single focus for information about developments and 
how they might be exploited within the UK.  Such a role is proposed to provide 
this focus and to co-ordinate UK contributions to international forums such as 
the Global Grid Forum 

Justification:  Coherence of message and information  
Benefit:  Single point of information for UK researchers  
Risks:  Lack of take-up 

 
I. Provide sustainable routes for required services 

 
High-level middleware can be defined as the core functions that are 
ubiquitously required within the e-Infrastructure such as authentication and 



authorisation, service registry and workflow.  Within the UK, the Open 
Middleware Infrastructure Institute (OMII) has begun the task of providing 
robust, reliable and resilient versions of these core elements.  This is an 
inevitably costly process.  Other sustainability models include community-
supported developments such as open-source libraries.   
 
Recommendation 18 
Work area: Support for Sustainability: OMII and Supporting Models  
Description: As part of its recent funding, the OMII model has expanding to include ‘nodes’ at 

the University of Manchester and the University of Edinburgh.  Following on 
from successful review of this process, additional nodes are proposed focussing 
on wider support models such as building community support for open source 
libraries not included in the OMII full support model  

Justification:  Identified as a critical activity in the e-Infrastructure Roadmap document 
Benefit:  Guaranteed software support mechanisms 
Risks:  Choice of software: backing the wrong models  

 
Recommendation 19 
Work area: Management of ‘data heavy’ users 
Description: As with any service, Grid technologies are used more heavily by a small group 

of users than typical usage scenarios.  This work package will investigate 
appropriate mechanisms for supporting these users whilst minimising impact on 
typical users at both an institutional and national service level 

Justification:  Appropriate management of such users will enhance service quality for all users 
Benefit:  Service at best level for all users 
Risks:  Risk of having to impose limits on data heavy users  

 
Recommendation 20 
Work area: Community Software Development: Social Process Study  
Description: Community Software development is a familiar activity within research projects, 

but its overall impact on and place within the research process is unclear.  A 
study to analyse the social process and impact of community software 
development on academic research is proposed  

Justification:  It is important to understand the place of technology processes within the 
changing research environment 

Benefit:  Clearer understanding of the role of community software development 
Risks:  Lack of buy-in from research councils and funding bodies  

.   
J. Tools for both inter- and intra- Grid requirements 

 
Much of the focus of Grid technologies has been on large-scale collaborations 
across institutional and geographical boundaries using national service 
functionality such as the National Grid Service.  Whilst this notion of open 
shared distributed computing is attractive, many developments will still take 
place within ‘intragrids’ or closed grid environments.   Such developments will 
inevitably create requirements for different tools and technologies to gain the 
benefits of Grid innovation within a closed environment.   
 
Recommendation 21 
Work area: The University Intragrid 
Description: A programme of work to establish requirements and initiate development for 

intragrid tools, and to analyse how these can be supported alongside intergrid in 
the context of sustainability models such as OMII 

Justification:  Intergrid models will not meet the full requirements of researchers in certain 
disciplines, such as medical researchers or institutions in terms of extent of 
ability to openly share compute resources 

Benefit:  Ability to apply either inter- or intra- grid models in appropriate scenarios 
Risks:  Closed environments at odds with open models of Grid developments 

 



K. Organisational take-up across user communities 
 
Take-Up of Grid and e-Research technologies is still at a relatively low level 
within the UK.  Whilst initiatives such as e-Science Core Programme have had 
a significant impact in terms of raising the profile and use of the National Grid 
Service and related middleware technologies, ongoing support is needed to 
enable all research organisations within the UK to participate.   
 
Recommendation 22 
Work area: Organisational Take-Up Analysis 
Description: An analysis of take-up of Grid technologies across UK educational and research 

establishments 
Justification:  Will justify the need for new developments and ongoing support for e-Science 

activities beyond the core programme  
Benefit:  Clear picture of current status and evidence to support future engagement of 

institutions 
Risks:  Difficulty in finding appropriate contacts within institutions  

 
Digital Rights Management Requirements  

 
L. DRM workflow across international boundaries 

 
One of the major benefits of Grid technology is the ability to exploit resources 
on distributed networks internationally.  This in turn means that research 
processes can be run and created on an international basis – raising issues 
about the application of digital rights management laws in different countries.   
 
Recommendation 23 
Work area: Grid Workflow and DRM: Case Studies  
Description: Case Studies that track real research processes across international boundaries 

with contributions from various researchers within Virtual Organisations are 
proposed, reflecting on potential DRM, IPR and license issues at several points 
in the research process 

Justification:  By analysing real cases, a full picture of the implications of DRM workflow can 
be assessed 

Benefit:  Better understanding of implications for international Grid developments  
Risks:  Difficulty to define applicable laws in different countries  

 
M. Commons 

 
Creative Commons licences were created to help content creators express how 
they wished their work to be used in a user friendly manner.  The initiative has 
gained ground on an international basis, and UK versions of the Creative 
Commons licences are now available.  Work has begun in complementary 
areas, such as Scientific Commons which is exploring the wider implications of 
scientific data creation and use.   
 
Recommendation 24 
Work area: Personal Digital Rights Management  
Description: Initiatives such as Creative Commons allow creators more control over their 

IPR, but support is needed to help users understand how to protect and 
promote their work, and the impact that institutional affiliation or publication may 
have on their rights.  A user engagement programme is required to support this 
process 

Justification:  DRM and IPR is a specialist area – stakeholders will only be willing to engage in 
these activities if full support is offered 

Benefit:  Wider take-up and appreciation of initiatives such as Creative Commons 



Risks:  Lack of user and institutional buy –in 
 
Recommendation 25 
Work area: Creating IPR: Research Developments within Institutions  
Description: Maximising the potential of the full range of research outputs within an institution 

is rarely achieved.  Whilst researchers are creating a wealth of resources, such 
as datasets, software developments and scholarly communications, the 
institution often fails to maximise internal use and external exploitation – often 
failing to secure simple read access to scholarly works.  A short programme of 
work is proposed using groups of researchers within institutions as case studies 

Justification:  Support for institutions in maximising the benefits of assets 
Benefit:  Benefits for institution and individual researchers in greater use of assets 
Risks:  Few existing structures within institutions to support this process  

 
N. Open Access and RAE  

 
Open Access publication through institutional repositories and the wider Open 
Access agenda is changing the scholarly communications workflow.  There are 
opportunities for institutional repositories to play a part within the Research 
Assessment Exercise, but questions about quality control would need to be 
resolved for such an agenda to be taken forward.   
 
Recommendation 26 
Work area: Open Access Within the RAE  
Description: This work area will explore options for securing quality assurance at level that 

could be acceptable to the RAE process within institutional repositories.  This 
may include the use of digital signatures, control of submission, internal 
ratification of accuracy etc.  

Justification:  This process would benefit both institutions and the full RAE process  
Benefit:  Streamlining processes 
Risks:  Not achieving buy-in from RAE  

 
O. DRM and authorisation 

 
Authorisation and Digital Rights Management have the same goal: to express 
who can access what.  Whilst the two processes have distinct roles in the 
process of resource usage there are inevitable points of interaction, particularly 
within DRM systems.   
 
Recommendation 27 
Work area: Authorisation and DRM Study 
Description: This study will review the full DRM lifecycle as described in the JISC Intrallect 

report, and the points at which authorisation and DRM systems and languages 
interact.  It will look for potential areas of non-interoperability and provide 
recommendations for an inclusive workflow  

Justification:  Authorisation and DRM should not be seen as competing technologies but as 
interoperable options for resource sharing 

Benefit:  Clarity on application of both technologies 
Risks:  Danger of competing ‘camps’  

 
P. IPR and Virtual Organisations   

 
Whilst IPR and DRM models for researchers within institutions are still badly 
understood, the new models of Virtual Organisations challenge these very 
structures.  Collaborative research developments between teams of research 
members across international boundaries and documented through shared 



tools do not fit the models for DRM and IPR enforcement that are currently 
applied as part of the researcher-institution contract.   
 
 
Recommendation 28 
Work area: IPR and Virtual Organisations   
Description: As researchers become more involved in working within Virtual Organisations, 

there will be more challenges to the existing contractual arrangements between 
researchers and affiliated institutions in terms of Intellectual Property Rights.  
Case Studies to investigate alternative models for IPR within VOs are proposed  

Justification:  Such issues should be addressed as early as possible in the evolution of Virtual 
Organisations to prevent barriers occurring in the future  

Benefit:  Growing use of Virtual Organisation models 
Risks:  Study may slow down innovation in VOs  

 
 



 
Recommendations 
 
The ‘Options for the Future’ appraisal makes 28 fine-level recommendations for 
future development activities.  These individual work areas have not been 
costed as various models exist for taking the work forward.  Whilst this study 
should not be considered as a structure for funding proposals or as a bid for 
potential funding, it is worth noting appropriate structures under which 
development work could be taken forward.  Four themes have been identified 
that cut across the development work described and have the potential to be 
scoped as working areas.  These are: 
 
Theme Recommendation references  
Work to inform development requirements  7,9,11,12,13,25,26,27 
Technology and service development 1,3,4,6,14,16,18,21 
Changing practise  2,5,8,10,17,19 
Social and impact studies  15,20,22,23,24,28 

 
In addition to the development recommendations, the working group would like 
to make the following recommendations:  
 

• Timescales: this report attempts to identify the requirements for AAA, 
Middleware and DRM within the timeframe of the Science and Innovation 
Investment Framework which looks forward to 2014.  Proposing 
requirements across such as long timescale within as fast-moving 
technological environment is a high risk strategy, and it will be important 
for proposals to be reviewed on a frequent basis.  A review every two 
years is suggested.   

• Cross-working and synergies: the working parties attached to the e-
Infrastructure Steering Group have been working independently of each 
other, and there will inevitably be duplication of information and 
proposals across reports.  It is recommended that time is taken to review 
the reports against each other and to identify duplications and synergies.   

• User benefits and applications: it will be important to further scope the 
benefits and justification for work areas and to ensure that a clear user / 
stakeholder perspective is retained across e-Infrastructure planning and 
report.  It is recommended that clear user cases be developed from 
‘theoretical ideal’ statements.  

• International synergy: it will be important for the UK to recognise 
international developments, not only in individual areas as shown in 
‘current and known plans’ but also at a strategic level in terms of 
planning for e-Infrastructure. It is recommended that updates on 
international developments, such as the US cyber-infrastructure initiative, 
be pursued by the Steering Group.  

• Definitions and vocabulary: all of the working group reports will be using 
terminology such as ‘e-Infrastructure’ and ‘Virtual Organisations’.  It will 
be beneficial to overall developments to agree a shared definition of 
these terms to ensure that the same application is used across the 
working groups.  A shared glossary for the reports is proposed.   
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Appendix B: Glossary 
 
APEL EGEE Accounting Application  
APIG All Parliamentary Internet Group (UK Government) 

A-Select 
A-Select is a framework that allows users to 
authentication by several means with Authentication 
Service Providers such as universities and banks 

Athens Access Management System serving UK Higher and 
Further Education through JISC contract  

Authentication  The act of confirming that someone is who they say they 
are 

Authorisation  The process which confirms what a user may access 

Certificate Authority A trusted third party which issues digital certificates for 
use by other parties 

CIO Chief Information Officer Council 

Connecting for Health NHS Scheme to implement modern computing services 
for patient care and services 

Creative Commons A non-profit organisation offering a range of license 
formats as an alternative to copyright 

DEST Department of Education, Science and Training in 
Australia 

DGAS Distributed Grid Accounting System 
DLF Digital Library Federation 
DRM Digital Rights Management 

eduRoam 
A RADIUS based architecture to allow users to 'roam' 
between institutional campuses using their home 
credentials to gain access to services 

EGEE Enabling Grids for E-SciencE 

e-Government Interoperability Framework
The e-GIF defines the technical policies and 
specifications governing information flows across 
government and the public sector 

E-Government Unit Cabinet Office Unit responsible for formulating IT strategy 
and policy for UK Government and public sector 

e-Infrastructure  
Term used to described the vision for next generation IT 
infrastructures for research describe in the Science and 
Innovation Investment Framework 

Federated Access Management 

Federated Access Management builds a trust relationship 
between Identity Providers (IdP) and Service Providers 
(SP).  It devolves the responsibility for authentication to a 
user’s home institution, and establishes authorisation 
through the secure exchange of information (known as 
attributes) between the two parties 

gLite Middleware toolkit from EGEE 

Globus Alliance Research project developing a software infrastructure for 
distributed computing on a world-wide scale 

GridPP UK Particle Physics grid  

Higgins 
a framework that will enable users and enterprises to 
integrate identity, profile, and relationship information 
across multiple systems 

IGTF International Grid Trust Federation 



IPR Intellectual Property Rights 
JANET Joint Academic Network  
JISC Joint Information Systems Committee 

JISC / DEST e-Framework 
The primary goal of the initiative is to produce an evolving 
and sustainable, open standards based service oriented 
technical framework to support the education and 
research communities 

JISC Information Environment 
a range of services, tools and mechanisms for colleges 
and universities to exploit fully the value of online 
resources and services 

Liberty Alliance 
The mission of the Liberty Alliance Project is to establish 
an open standard for federated network identity through 
open technical specifications 

Microsoft InfoCard Codename for current Microsoft developments for identity 
management solutions 

NGS National Grid Service  

NHS National Programme for IT Framework for IT provision under which 'Connecting for 
Health' is run 

NISO National Information Standards Organization 
NREN National Research and Education Network  

OASIS Organization for the Advancement of Structured 
Information Standards 

OGSA Open Grid Services Architecture  
OMII Open Middleware Infrastructure Institute  

Open Access 
Open Access publishing, where the author (usually the 
author's research funder or institution) pays the 
publication costs, has been proposed as an alternative to 
a subscription-based model 

PERMIS Privilege and Role Management Infrastructure Standards

PKI  Public Key Infrastructure  
PLS Publishers Licensing Society  
PMA Policy Management Authority 
RADIUS a server for remote user authentication and accounting 
SAML Security Assertion Mark-Up Language 

Science Commons A Creative Commons project to extend licenses to serve 
all scientific resources 

SOAP Simple Object Access Protocol 
SWITCH Swiss NREN 

TERENA Trans European Research and Education Networking 
Association 

TERENA SCS TERENA Server Certificate Service  
UKERNA UK Education and Research Network Association  

Virtual Organisation 
The structure which 'organises' a group of researchers 
and other end-users collaborating across institutional 
boundaries  

VOMS Virtual Organization Membership Services 

WS-Security 
A means for applying security to web services by 
incorporating features in to the header of a SOAP 
message 

X.509  a PKI standard  
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